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Abstract 

The exploitation of fish stocks has increased over time, as have negative impacts to the 

marine environment from anthropogenic activities like agriculture. A variety of 

management tools have been developed to address the subsequent deterioration in 

marine environmental health, including allocation of areas to marine protected areas 

(MPAs) or to co-management systems such as territorial user rights for fisheries 

(TURFs). This spatial management can benefit marine biodiversity as well as marine 

stakeholders such as fishers or tourism operators. However, we do not know (a) what 

the optimal spatial allocation of marine zones is from a socio-economic perspective, or 

(b) what influences decisions by fisher organisations about enforcement of marine 

users’ rights in co-management systems like TURFs. 

Four research questions are addressed in this thesis through four papers. The first 

research question is: What are the challenges in estimating the economic benefits and 

costs of MPAs? This is addressed in Paper 1, where I review the literature to identify 

key challenges in estimating economic benefits and costs which are specific to MPAs. I 

find several key estimation challenges. These challenges included incomplete 

knowledge of marine ecology, and shortage of existing work which establishes causal 

links between ecological processes and market benefits. Even more challenging is the 

need for information about the non-market benefits of MPAs. Finally, although costs 

are often easier to estimate than benefits, there are more types of costs that are relevant 

to an economic analysis than are often recognised. 
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The second research question is: How does the spatially optimal allocation of marine 

zones change when monitoring and enforcement costs are taken into account, and do 

the benefits of enforcement outweigh the costs? In a case study in central Chile I find 

that, in certain scenarios, enforcement costs influenced the optimal spatial allocation of 

TURFS. Enforced zones are more attractive in areas closer to settlements, where 

monitoring costs are lower. In most areas in most scenarios, despite the costs of 

enforcement, enforcing marine user rights is shown to provide positive net benefits for 

fishers. As conservation targets are made more stringent, some areas would best be 

converted from TURFs to no-take MPAs.  

However, we observe, in reality, that enforcement of marine zones does not always 

occur in the study area, suggesting foregone benefits for the environment and for 

fishers. This observation prompted my third research question: Given the demonstrated 

benefits of enforcement, why are artisanal fishers in Chile choosing not to fully enforce 

their marine user rights? For my third paper, I survey fishermen in the case study area 

to identify how the perceived costs and benefits of monitoring, a key enforcement 

activity, affect fishers’ decision not to monitor. Results show that the main reason 

fishers do not monitor is because they feel the government does not comply with their 

own enforcement responsibilities, namely apprehending and punishing poachers. 

While investigating fishers’ preferences for monitoring, I identified potential problems 

in the interpretation of preferences when respondents are inconsistent in their choices. 

This inconsistency is known as scale heterogeneity. This discovery led to my final 

research question: How does choice inconsistency (scale heterogeneity) affect 

interpretation of preferences in discrete choice experiments? In the fourth paper, I 
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present five experimental examples to demonstrate that the interpretation of preferences 

in discrete choice experiments is sensitive to the impact of scale heterogeneity. Given 

my findings, it is important to investigate the impact of scale heterogeneity when 

analysing and interpreting data from models which allow for scale heterogeneity. Future 

studies that employ scale heterogeneity models should explicitly state scale factors for 

all samples, choice contexts, and/or latent scale classes, and report rescaled preference 

parameters for the same. This will allow preferences for spatial marine management, or 

the non-market benefits associated with this management, to be more accurately 

assessed and reported. 
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1.1 The marine environment 

Globally, marine environments suffer from direct and indirect anthropogenic stressors. 

These stressors include land and ocean based activities, such as agriculture, mining, and 

fishing. The impact of these stressors is a decline in the state of the marine environment 

(Botsford et al. 1997). This decline has focused attention on how activities which occur 

in the world’s oceans might be better managed. Land-based activities that damage 

marine environments include agricultural activities such as crop or livestock production. 

These activities can lead to the runoff of pollutants or excess nutrients from fertilisers 

into coastal waters (Halpern et al. 2008; Vitousek et al. 1997). For example, excess 

nutrients are a major problem for the Great Barrier Reef in the north of Australia 

(Fabricius et al. 2005). Other land-based activities that can lower water quality include 

coastal construction or industrial activity which requires dredging. Coastal aquaculture 

can also impact marine environments through disease outbreaks, invasive species, or 

algal blooms (Pauly et al. 2003). Ocean-based activities that damage the marine 

environment include fishing (Halpern et al. 2008; Pauly et al. 2005), which has both 

direct and indirect impacts. Direct impacts include over-extraction of target species. 

Indirect impacts include changes in the composition of other marine species due to 

bycatch or through trophic cascades (Pinnegar et al. 2000). Together, land- and ocean-

based activities can impact the population sizes of many species, or lead to the complete 

loss of a species from human-dominated marine ecosystems (Worm et al. 2006). These 

environmental impacts are increasingly weakening the ocean’s ability to provide food 

for human populations, maintain water quality, and recover from shocks – including 

extreme climatic events (Worm et al. 2006).  
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Marine fisheries are a common-pool resource, which means that the exclusion of 

resource users or stakeholders through physical or institutional means is costly, and 

there is rivalry in consumption; exploitation by one user reduces resource availability 

for others (Ostrom et al. 1999). This situation produces an economic incentive for 

resource users to prioritise their own economic gain and secure a greater share of 

resource rents (profits generated from extraction of a natural resource) for themselves. 

This is known as the ‘tragedy of the commons’ and occurs because the “rational” user 

of the open-access commons makes demands on a resource until the expected marginal 

benefits of their actions equal the expected marginal costs. Each user ignores costs 

imposed on others with the result that collective individual decisions’ result in tragic 

overuse and potential destruction of the commons (Hardin 1968). The practical 

consequence of this behaviour in a marine fishery is that greater total effort is expended 

for lower returns than might have been achieved in a fishery where catch was restricted 

(Gordon 1954).  

If fishery stocks can be managed sustainably, i.e. catch restricted, resource rents can be 

increased and effort decreased. This is because fishery stocks, among other marine 

resources, are renewable. Renewable resources will have an extraction level at which 

the rate of population renewal is greatest. This extraction or harvest level is known as 

maximum sustainable yield (MSY) (Schaefer 1957). When the costs of fishing and the 

opportunity costs of capital are considered, MSY is referred to as maximum economic 

yield (MEY) which describes a rate of extraction at which fisher profits are maximised 

given fishing costs, the opportunity cost of capital, and the potential of the fishery to 

renew itself (Gordon 1954). If extraction can be held at MSY or MEY, effort in the 
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fishery can be lowered relative to open access conditions, and extraction may even 

increase, thus increasing fishery rents, and leading to better environmental conditions 

(Pauly et al. 2002). 

Fisheries records show that the ‘tragedy of the commons’ has tended to dominate global 

marine resource extraction. Historical records, including palaeoecological, 

archaeological, and historical data, show that human impacts on marine species have 

been deleterious since the advent of fishing (Jackson et al. 2001). Global fisheries 

statistics from the Food and Agriculture Organisation suggest that there has been a 

transition in landings from long-lived, high trophic level, piscivorous1 bottom-dwelling 

fish toward short-lived, low trophic level invertebrates and planktivorous2 pelagic fish 

(Pauly et al. 1998). This phenomena has been coined ‘fishing down the food web’ and 

indicates that the mean trophic level of the species groups which are being caught is 

decreasing (Pauly et al. 1998). This practice at first leads to increasing catches because 

large predatory fish biomass is reduced – allowing the abundance of lower trophic 

groups to increase; in 2003, large predatory biomass was estimated at ~10 per cent of 

pre-industrial levels (Myers and Worm 2003). However, following this period, a phase 

transition occurs which is associated with stagnating or declining catches (Pauly et al. 

1998) (see Figure 1.1 (a)).  

The result of unsustainable catch practices is also evident in the collapse of major fish 

stocks. In 1971-1972 the Peruvian Anchoveta collapsed. This collapse is often attributed 

to an El Niño event, but there are suggestions that overfishing may have been 

                                                 
1 Piscivorous fish are carnivorous; they feed on other fish. 
2 Planktivorous fish feed on plankton. 
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implicated as well (Pauly et al. 2002). In the early 1990s most of the cod stocks off New 

England and eastern Canada also collapsed (Pauly et al. 2002). 

Further evidence of the deterioration in species’ populations is evident from decreases 

in global catch figures (see Figure 1.1 (a)). In 2003, Pauly et al. wrote that global 

fisheries landings were decreasing by roughly 500,000 metric tons per year from their 

peak of 80 to 85 million tons in the late 1980s. Also serious is the decrease in catch per 

unit effort: landings from global fisheries are now half what they were for the equivalent 

fishing power a half-century ago (Watson et al. 2013). 

Since the 1950s fishing effort has increased by a factor of 10 worldwide; and by a factor 

of 25 in Asia (Watson et al. 2013) (see Figure 1.1). There are several forces behind this 

global increase in fishing effort and subsequent decrease in fish populations. Firstly, 

advances in technology have allowed fishing fleets to spread into more distant waters. 

Fleets now fish all of the world’s oceans, removing historical refuge areas where fish 

stocks could accumulate and subsequently migrate (Pauly et al. 2003; Pauly et al. 2005; 

Watson et al. 2013). Government subsidies have also allowed fleets to increase. In 

2003, global fishing subsidies were between US$25 and 29 billion, 15-30 per cent of 

which was composed of fuel subsidies (Sumaila et al. 2010).  

Many people around the world depend on fish for their protein or livelihood; fish 

provides roughly three billion people with nearly 20 per cent of their intake of animal 

protein (Badjeck et al. 2013). The most dependent groups are typically poorer people in 

developing countries (Pauly et al. 2003). Stagnating or declining global catch levels are 

therefore of concern because they may exacerbate food security problems amongst 

vulnerable populations (Pauly et al. 2005; Worm et al. 2006). 
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Figure 1.1 Figure shows (a) total catch (landings) and effort; nominal effort refers to total fishing effort, and 
effective effort indicates fishing effort standardized in terms of its effective power (b) fishing effort by 
continent of fleet, and (c) catch per unit of effort (error bars shown) and per cent of global oceans fished by 
area (solid black line) from Watson et al. (2013). Note that for standardisation, fishing effort was converted by 
the authors to a continuous power rating based on the main engine expressed in watts. 
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1.2 Marine management for fisheries and the environment 

Marine management aims to counteract marine degradation and the over-exploitation of 

fishery stocks; with the objective of maintaining healthy and productive marine 

ecosystems. Healthy and productive marine ecosystems provide social benefits because 

they are better able to support marine industries and feed those who depend on fish as a 

protein source. Ostrom et al. (1999) state that solving a common-pool resource problem 

like global fishery regulation involves two distinct elements: restricting access and 

creating incentives for users to invest in resource condition instead of contributing to its 

overexploitation. Marine management tools have traditionally focused on the first of 

these elements. Tools have included input and effort controls such as gear restrictions or 

limited fishing seasons (Grafton 1996); as well as catch limits, e.g. a total allowable 

catch (TAC) and spatial use restrictions, e.g. zonation as a no-take marine protected area 

(MPA).  

A problem with input and effort controls has been that they encourage the ‘race to fish’: 

fishers overcapitalize or are driven to excess competition to compensate for restrictions 

(Grafton 1996). The result is a decrease in fisher profits and resource condition. Gordon 

(1954) pointed out that gear restrictions or catch limits may be ineffective because they 

do not address the problem of incomplete property rights. An alternative management 

approach is rights-based management. Rights-based management creates rules which 

define both the right to use and the quantity of fisheries resources allocated to resource 

users. Schlager and Ostrom (1992) defined these as “access and withdrawal” rights: the 

right to enter a defined physical property and the right to obtain the products of a 

resource. The concept of rights-based management gained traction at the United Nations 
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Convention on the Law of the Sea (UNCLOS) in 1982, which extended coastal nations’ 

resource claims from the previous 12 mile jurisdiction to 200 miles (Wilen et al. 2012). 

This area became the Exclusive Economic Zone. Initial approaches to rights-based 

management in the Exclusive Economic Zone focused on dividing TAC among 

harvesters, whose exclusive right to extract a certain quantity of fish through a tradeable 

licence was described as an individual transferable quota (ITQ) (Squires et al. 1995). 

Over time, alternative systems have also been adopted, including territorial use rights 

fisheries (TURFs) (Wilen et al. 2012).  

The term TURF was coined by Francis Christy in 1983 to designate harvesting rights 

for fishers to use all or part of a resource in a particular geographic space (Wilen et al. 

2012). Typically TURFs do not transfer resource ownership rights, which reside with 

the nation. Instead, access rights are granted on behalf of the nation’s citizens (Wilen et 

al. 2012). The motivation behind TURFs is that they encourage more sustainable 

resource extraction because resource users know they will benefit from improvements 

in the resource condition. This is especially important where resource users incur a cost 

for that improvement; e.g. opportunity costs from foregone extraction to allow stock 

levels to recover. Initial evaluation of TURF systems has shown that resource rents can 

increase by as much as five to ten times relative to the revenues associated with open 

access resource use (Wilen et al. 2012).  

Concurrent with the development in rights-based marine management, research interest 

in marine spatial planning has also increased. Marine spatial planning employs 

optimisation procedures initially developed in operations research (Underhill 1994). 

Initially, applications of spatial optimisation focused on a terrestrial reserve design 
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known as the ‘minimum set problem’: to design a reserve which protected a target 

species in the smallest possible land area (Kirkpatrick 1983). From these early 

beginnings spatial optimisation models advanced in a number of ways. A major 

development was to incorporate heterogeneity in land prices into the analysis; this 

allowed greater conservation benefits to be attained by siting reserves in areas with 

lower land costs (Ando et al. 1998). New models could be built which minimised the 

cost of land needed to protect a target species, or which maintained the value of 

commodity production in a landscape while achieving conservation outcomes (Polasky 

et al. 2005). Opportunity costs have been incorporated into marine spatial optimisation 

not through land cost, but rather through minimising catch or area losses to fishers 

(Klein et al. 2008; Klein et al. 2009).  

Spatial planning has also been employed to design MPAs. Between 1984 and 2008, the 

number and global spatial extent of MPAs grew at an annual rate of 4.6 per cent (Wood 

et al. 2008) (Figure 1.2 shows the period 1990 to 2012). The focus on MPAs was 

formalised in the Convention on Biological Diversity (2010), which established the goal 

to have 10 per cent of the ocean protected by 2020 (CBD 2010). However, despite their 

increasing number, as of 2014 MPAs covered just 2 per cent of the world’s oceans 

(Halpern 2014).  

A number of studies have shown that MPAs can deliver substantial biological benefits 

including increases in the size and abundance of fish, invertebrates, and seaweeds 

(Claudet et al. 2008; Gaines et al. 2010; Lester et al. 2009). However, not all MPAs 

have been a success (Edgar et al. 2014; Rife et al. 2013). In an investigation of 87 

MPAs worldwide, Edgar et al. (2014) found that 59 per cent were ecologically 



Chapter 1. Introduction 

24 

 

indistinguishable from fished areas. Similarly, an analysis of MPAs in the Gulf of 

California found that most had failed to meet conservation or sustainability goals (Rife 

et al. 2013). Current research suggests that the ability of MPAs to provide conservation 

benefits depends on five key features: whether they are fully protected, old (more than 

10 years), large (more than 100km2), isolated, and enforced (Edgar et al. 2014). 

 

Figure 1.2. Global increase in marine protected area (km2) from 1990 to 2010 (data sourced from MDG (2013)) 

1.3 Enforcement 

Enforcement of marine management is necessary to attain biological benefits, not just in 

MPAs, but also in other forms of marine management such as TURFs (Gelcich et al. 

2012). Enforcement can lead to increases in species’ abundance, size, and richness 

(Guidetti et al. 2008; Jennings et al. 1996; Samoilys et al. 2007). These biological 

benefits may translate into economic benefits, for example, if species’ abundance 

increases then catch can also increase (all else being equal). Increases in species’ size 
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can also lead to higher economic returns for fishers. For example, larger lobsters have 

been observed on the boundaries of MPAs; and larger lobsters command a higher price 

per kg than smaller lobsters (Kelly et al. 2002). 

Enforcement is composed of three main activities: monitoring, apprehension of 

infringers and punishment of infringers (Anderson 1989). In his seminal work on 

enforcement, Becker (1968) demonstrated that the optimal level of enforcement will 

depend, among other things, on the nature of punishments (for example, fines or prison 

terms), the responses of offenders to changes in enforcement, and the cost of catching 

and convicting offenders. Because of these enforcement costs, it may not be optimal to 

eliminate illegal activities completely (Becker 1968). As the budgets available for 

protecting natural resources are limited, particularly in many developing countries 

(Robinson et al. 2010), enforcement needs to be cost-effective. 

Considerable research has been devoted to investigating how regulators should invest 

resources in enforcement to minimise illegal activity cost-effectively (e.g. Byers and 

Noonburg 2007; Clarke et al. 1993). A key assumption is that offenders will choose 

whether to conduct illegal activities based on the expected penalty of a given activity. 

This expected penalty is equal to the actual punishment for the illegal activity multiplied 

by the probability of detection and punishment (Becker 1968; Robinson et al. 2010). 

Consequently, regulators must choose whether to increase the probability that offenders 

are caught and punished, or to increase punishments for non-compliance.  

Early work on enforcement concluded that to minimise illegal activity, punishments or 

fines for non-compliance should be set as high as possible, while monitoring should be 

reduced (Becker 1968). This is because increasing punishments for non-compliance, for 
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example the monetary value of fines, is an inexpensive action on the part of regulators, 

while increasing the probability of catching offenders is expensive. However, it may not 

always be desirable or possible to set high fines. For example, if fines are beyond the 

wealth of an individual there will be no incentive to switch from a more socially-

damaging activity to a less socially-damaging activity (Robinson et al. 2010). 

Therefore, optimal enforcement strategies may need to involve relatively high 

investment in activities to catch and punish offenders, with fines set relatively low 

(Robinson et al. 2010). 

Depending on the regulatory system in place in a marine area, different actors or agents 

may be responsible for different enforcement activities. For example, where resource 

users have user rights such as TURFs, they may be required to participate in 

enforcement of their user rights. This participation may involve monitoring marine 

areas to detect poachers. In this case, and assuming demonstrable economic benefits 

from enforcement, economists would expect resource users to choose to monitor their 

management areas. However, resource users may have reasons not to monitor which are 

motivated by non-economic factors. These factors include social costs, environmental 

constraints, institutional failings, or capacity constraints. Insights into these non-

economic factors are necessary when assessing resource users’ preferences to monitor 

or not. 

A common approach to investigate people’s preferences are discrete choice experiments 

(DCEs, Carson and Louviere 2011). They are a family of survey techniques through 

which preferences for different alternatives can be investigated, including preferences 

for marine management. For example, DCEs have been used to analyse people’s 
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preferences for marine offset programs (Rogers et al. 2014), the non-market value of 

recreational diving in coral reefs (Doshi et al. 2012), and for stricter enforcement of 

management to improve marine ecosystem quality (Hall et al. 2002). 

1.4 Thesis case study: Chile 

This thesis uses a case-study area in Chile to examine spatial marine management (for a 

map of the case-study area see Figure 7.1). Chile is an appropriate location because of 

its rich marine resources and because it is one of the top 10 exporters of fish and fishery 

products in the world (FAO 2012). In the 1990s, Chile was one of the first countries to 

adopt a TURF program to manage coastal marine resources (specifically benthic 

resources), as exploited by the artisanal fishing sector (Castilla and Fernandez 1998). 

Through the TURF program artisanal fisher organisations apply to the Chilean 

government for exclusive user rights in defined geographical areas. These are akin to 

the “management,” and “exclusion” rights described by Schlager and Ostrom (1992) as 

“collective-choice” rights. These rights allow fishers to regulate internal use patterns, 

transform the resource by making improvements, and limit access to benthic resources 

to fishers from their own fisher organisation. However, fishers do not have “alienation” 

rights – they cannot transfer their user rights as they could under an ITQ program. In 

return for these user rights, artisanal fishers in Chile must comply with a negotiated 

TAC limit, undertake annual stock surveys, and are responsible for all monitoring and 

monitoring costs. Since its inception, the TURF program has been very successful – 

there have been more than 809 TURFs gazetted (SERNAPESCA 2014). A study by 

Gelcich et al. (2012) found that species’ abundance, richness, and biomass levels were 

as high (if not higher) in managed TURF areas as they were in a nearby no-take MPA.  
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1.5 Research objective and questions 

The objective of this thesis is to increase understanding of the economic benefits and 

costs of spatial marine management, and demonstrate how this knowledge can improve 

spatial marine management decisions. 

This objective will be achieved through addressing the following three research 

questions: 

1. What are the challenges in estimating the economic benefits and costs of marine 

protected areas?  

2. How does the spatially optimal allocation of marine zones change when 

monitoring and enforcement costs are taken into account, and do the benefits of 

enforcement outweigh the costs? 

3. Given the demonstrated benefits of enforcement, why are artisanal fishers in 

Chile choosing not to fully enforce their marine user rights?  

The themes covered in these research questions are shown in Figure 1.3. This figure 

shows that institutions will have policy objectives which they pursue through 

management actions. Particularly relevant to this thesis are management actions which 

determine the spatial allocation of marine areas amongst zones like MPAs and TURFs. 

Changes to marine spatial allocation can provide biological benefits – for example, 

establishing an MPA can lead to increases in species’ abundance. Increases in species’ 

abundance, along with other biological benefits, can translate into market and non-

market benefits for society. However, changes to spatial allocation will also involve 

costs: individuals will face compliance costs as a result of restrictions on the use of 
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marine resources specific to different management zones; and institutions will incur 

establishment and maintenance costs. Individuals will make their own decisions about 

resource management, and will have preferences for spatial allocation.  

 

Figure 1.3. Overview of research themes which are addressed, either partially or fully, in the thesis. 

The thesis research objective is achieved through, first, a review of the literature to 

identify the difficulties that may exist in the estimation of the economic benefits and 

costs of MPAs. The results from this investigation are presented in Chapter 3 (Paper 1); 

and address research question 1. The next step in the research was to determine the 

impact of economic benefits and costs on spatially optimal marine management. This 

was achieved by creating a spatial optimisation model which incorporates a key 

maintenance cost, enforcement, and the benefits of enforcement for species’ abundance 

and fisher revenue. The optimal spatial allocation of a study area in the central marine 

region of Chile amongst different management zones was determined, which allowed 

the benefits of this improved knowledge to be evaluated; measured as increases in fisher 

revenue in the case study area. This analysis is presented in Chapter 5 (Paper 2) and 
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addresses research question 2. When it was observed that fishers in the study area were 

not engaging in optimal spatial management practices, chiefly – they were not helping 

enforce their TURF management areas by investing in monitoring, a survey was 

conducted to improve understanding of fishers’ preferences for monitoring and 

enforcement in general. The development, delivery, and results of this survey are 

described in Chapter 7 (Paper 3), which addresses research question 3.  

A fourth research question that emerged opportunistically as a result of research 

conducted to address research question 3 was: 

4. How does choice inconsistency (scale heterogeneity) affect interpretation of 

preferences in discrete choice experiments?  

This research question is addressed through a technical paper (Paper 4, Chapter 9) 

which has been included in the thesis as it addresses a methodological issue in the field 

of DCEs to which the candidate has made a significant contribution, and became a 

significant part of the PhD work. Chapter 9 (Paper 4) empirically demonstrates how 

scale factors can affect interpretation of choice experiment data using five discrete 

choice experiment case studies, and through the development of best practice guidelines 

for reporting discrete choice experiment data.  

1.6 Thesis outline 

This thesis is presented as a series of scientific papers in accordance with postgraduate 

and research scholarships regulation 31(1) of the University of Western Australia. The 

current chapter introduces the topic, provides an overview of the thesis and outlines the 

research aim and four research questions to be addressed. Chapters 3, 5, 7, and 9 have 
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been published or submitted for publication in scientific journals. They can be read 

either as part of the whole thesis, or as separate entities. Each research chapter contains 

an independent introduction, literature review, methods, results, and discussion section. 

This leads to some overlap in the thesis, particularly with regards to the description of 

the case study area in Chile. In addition, each chapter is independently referenced. The 

chapter preceding each research chapter is a preface which explains how the themes 

addressed in the research chapter relate to the general research theme and aims.  
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Research question addressed: What are the challenges in estimating the economic 

benefits and costs of marine protected areas?  

In Chapter 3 I review the challenges in estimating the economic benefits and costs of 

marine protected areas (MPAs). The results contribute to attaining the overall research 

objective by increasing understanding of the economic benefits and costs of spatial 

marine management as they pertain to MPAs. This increase in understanding is also the 

chief contribution of this chapter to the literature.  

Chapter 3 sets up a range of issues that will be dealt with in Chapter 5 and Chapter 7: 

including the economic costs of MPA establishment and maintenance, and stakeholders’ 

preferences for marine zoning (see Figure 2.1) – particularly the preferences of fishers 

who often bear the opportunity costs of MPA creation. 

Figure 2.1 shows which topics Chapter 3 focuses on within the overall thesis theme. 

This is a very broad chapter. It covers the majority of the thesis topics. Particular 

attention has been paid to the institutional conditions that affect the success of MPA 

spatial allocation. These conditions include policy, management, and enforcement 

elements (see Figure 2.1) – for example, whether an MPA is no-take, and whether it is 

enforced. These three institutional elements will affect the biological benefits that 

MPAs provide, including increases to species’ abundance, biomass, and diversity. 

Biological benefits can provide non-market benefits to individuals. These non-market 

benefits include increases in divers’ consumer surplus when visiting MPAs with higher 

species’ abundance, size and richness. Biological benefits can also result in market 

benefits for resource users like fishers, through biological processes like connectivity 

and dispersal, which increase catch in areas outside of MPAs. These non-market and 
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market benefits will influence the compliance and resource use decisions of individuals, 

but also their preferences for MPAs and spatial marine management in general. Chapter 

3 also explores the difficulties involved in estimating the economic costs of MPAs. 

These costs include establishment and maintenance costs which are incurred by 

institutions, but also compliance costs which are incurred by individuals, particularly 

marine stakeholders such as fishers and tourism operators. Compliance costs include 

opportunity and transaction costs. 

 

Figure 2.1. Overview of topics covered in Chapter 3 (black text) in the context of the larger thesis theme (topics 
not covered are in lighter text).  
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3.1 Abstract 

Marine protected areas (MPAs) are an increasingly popular, but debated, management 

strategy to conserve marine biodiversity and ensure sustainable human use of the 

oceans. Economic studies can contribute to the debate about MPAs as a management 

option by evaluating their benefits and costs to society. Here, we review the challenges 

and opportunities of such economic analyses. When estimating the benefits of MPAs, 

one key challenge is to establish causal links between ecological processes and 

economic outcomes. A second is to meaningfully compare market and non-market 

benefits of MPAs. Surprisingly, although the quantification of market benefits of MPAs 

is relatively straightforward conceptually, there are very few studies that have done so. 

Costs are often easier to estimate than benefits, but there are more types of costs than is 

recognised in many studies, including maintenance and compliance costs. It is important 

that managers are aware of all the challenges described here, so that they are able to 

obtain and use the best-quality economic information to guide decision making about 

MPAs. Relevant decisions include the spatial locations of MPAs and the equitable 

distribution of costs and benefits across society.  

Keywords: market benefits; non-market benefits; establishment costs; maintenance 

costs; compliance costs; decision making 

3.2 Introduction 

There are a number of international initiatives and conventions aimed at increasing the 

use of marine protected areas (MPAs) for conservation purposes, for example, the 

Convention on Biological Diversity (2010) aims to have 10 per cent of the ocean 
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protected by 2020 (CBD 2010). MPAs are also used to mitigate or lessen impacts on 

ecosystems due to anthropogenic stressors such as habitat degradation (Mora et al. 

2011) and climate change (Bates et al. 2014). In conjunction with fisheries management 

MPAs also contribute to sustainable use of the oceans (FAO 2012). Demonstrated 

biological benefits of MPAs include increases in species richness, increases in the size 

and abundance of fishes (Lester et al. 2009; McClanahan 1994; Russ and Alcala 2004), 

and improvements to ecosystem health (Costello 2014). As a result, MPAs provide a 

range of market and non-market benefits to society. Market benefits are the economic 

values for goods or services which are observed through a market transaction. MPA 

market benefits can arise through increased recruitment of juveniles (Harrison et al. 

2012), the spillover of adults from MPAs into fished areas (Russ et al. 2003) and 

increased tourism (Hoagland et al. 1995). Non-market benefits are the economic values 

for goods or services which cannot be observed through market transactions, they 

include the benefit to people from knowing that a threatened species is protected, or that 

an ecosystem is in good condition.  

There has been debate about the likely magnitudes of the benefits and costs of MPAs. 

Some have advocated the need for immediate implementation of reserves to counteract 

the impacts of fishing (Russ and Alcala 2004) and highlighted the numerous benefits 

that MPAs provide society (Ballantine 2014). Others have expressed doubts about the 

ability of MPAs to deliver biological benefits (e.g. Smith and Wilen 2003), particularly 

when compared to conventional tools used for fishery management (Hilborn et al. 

2004). Economics can help progress this debate in a number of ways, principally by 

taking a whole-of-community perspective to the assessment of benefits and costs, and 
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by rigorously quantifying gains and losses to different groups within society. By 

expressing both benefits and costs in economic terms, ecological importance can be 

translated into a representative monetary value that facilitates decision making by 

easing comparisons between different benefits and costs (Beaumont et al. 2008).  

In this review, our aim is to outline the key challenges and opportunities of using 

economics to contribute to decision-making about MPAs. In the process, we discuss a 

number of methodological options and consider the relevance and potential benefits 

from using economic information. We have focused our discussion on no-take MPAs as 

these reserves have documented economic benefits across a range of taxa (Edgar et al. 

2014). Firstly, we summarise the types of benefits that MPAs provide, how benefits can 

be estimated in economic terms, and the challenges involved in obtaining these 

estimates. Secondly, we discuss the types of costs that are generated when an MPA is 

created: establishment, maintenance and compliance costs. While these costs are 

conceptually simpler to quantify than some of the benefits, they involve a number of 

additional challenges, which we outline. We conclude by summarising the key 

challenges and suggesting research that could improve and simplify future economic 

analyses of MPAs.  

3.3 Benefits of marine protected areas 

MPAs provide a range of biological benefits, including biodiversity conservation, 

habitat protection, and increased ecosystem resilience (see Figure 3.1) (Bates et al. 

2014; Costello 2014; Edgar et al. 2014). These biological benefits translate into 

economic benefits, including market and non-market benefits. Market benefits arise 

particularly due to increases in fishing and tourism. Non-market benefits can be loosely 
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divided into use and non-use elements (see Figure 3.3). To determine the impact of an 

MPA, changes must be measured relative to an equivalent scenario without the MPA 

(Mw – Mwo in Figure 3.2). This is not the same as measuring changes after versus before 

establishment of an MPA (Mw – M0).  

 

Figure 3.1. Components of a comprehensive economic assessment of an MPA, including major benefits and 
costs that need to be considered. Economic analysis can help determine whether benefits are greater than, or 
less than costs, and how benefits and costs are distributed across society. 
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Figure 3.2. Measuring the changes caused by a marine protected area (MPA) must be measured with (Mw) 
versus without (Mwo) the MPA. 

3.3.1 Estimating biological benefits 

Well-managed no-take MPAs generate a suite of ecological benefits by reducing 

extractive activities and providing increased habitat protection and ecosystem resilience 

(Bates et al. 2014; Costello 2014). Ecological benefits within MPAs include increased 

diversity, abundance, size and biomass of fishes, which can be 2–5 times higher in 

MPAs compared to fished areas. These patterns hold globally (Edgar et al. 2014; Lester 

et al. 2009) and regionally (Barrett et al. 2007; McCook et al. 2010). Because MPAs are 

relatively healthy ecosystems, they provide increased ecosystem services (Hughes et al. 

2005; Worm et al. 2006), manifesting as, for instance, increased resistance to climate 

“invaders” (Bates et al. 2014), and faster recovery from flooding than reefs exposed to 

fishing (Olds et al. 2014).  
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3.3.1.1 How are the biological benefits of MPAs quantified? 

Biological benefits are most simply measured as quantitative changes in characteristics 

of the ecological community. However, there has been a focus on measuring the 

biological impacts of MPAs on fish as the most obvious targets of extractive activities. 

Field surveys are used to empirically quantify changes in diversity, abundance, mean 

size and biomass through time (before and after protection), or through space (protected 

vs. fished areas (Lester et al. 2009)), and with respect to distance from MPA boundaries 

(Goñi et al. 2008). The distribution of biomass across functional trophic groups (e.g. 

predators, omnivores and herbivores) and size classes has also been quantified 

(Newman et al. 2006) as fisheries activities have typically removed apex predatory 

species and larger individuals from the ecosystem first (Pauly et al. 1998).  

A variety of techniques exist to measure changes in ecological characteristics, including 

diver-based underwater visual censuses (McClanahan et al. 2006; McCook et al. 2010); 

and the use of baited remote underwater video systems in pelagic (Letessier et al. 2013) 

and demersal environments (McLean et al. 2011). The technique used will depend on 

the response being studied, although central to all techniques is the need for non-

destructive methods for measurements within MPAs. Biological benefits can also be 

measured with respect to habitat recovery. For example, cover of healthy coral and 

extent of urchin barrens versus cover of macroalgae have been quantified following 

disturbance in MPAs (Barrett et al. 2009; Mumby and Harborne 2010), as well as 

estimations of recovery times (Olds et al. 2014). A number of studies have also used 

modelling to anticipate the effects of MPAs, both in terms of fisheries displacement 

(Halpern et al. 2004) and recruitment (Harrison et al. 2012; Polacheck 1990). 
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3.3.1.2 What do we know about the biological benefits of MPAs? 

The biological benefits of MPAs depend upon physical and institutional characteristics. 

A global review by Edgar et al. (2014) found that the generation of biological benefits 

was greatest in MPAs that were: (1) established as no-take; (2) established for at least 

ten years; (3) larger than 100km2; (4) isolated by deep water or sand; and (5) under 

effective enforcement. Where enforcement is poor, benefits of MPAs may not accrue or 

accrue at lower levels (McClanahan et al. 2006). For example, illegal collecting of 

abalone in southern California combined with ongoing habitat disturbance has 

undermined the benefits of MPAs (Hall et al. 2002). Notwithstanding these findings, in 

the Great Barrier Reef significant benefits have accrued despite ongoing low levels of 

illegal fishing (McCook et al. 2010). Lack of a management plan is another institutional 

characteristic that undermines protection. A review of the roughly 1300 MPAs existing 

in the world in 1999 found that 71 per cent had ‘unknown management’ (McClanahan 

1999). Institutional failings were also responsible for the non-attainment of conservation 

and sustainability goals in an analysis of MPAs in the Gulf of California, Mexico, 

including insufficient no-take zones, lack of enforcement and poor governance (Rife et 

al. 2013). Finally, the biological benefits of MPAs may also be reduced where lack of 

institutional commitment results in their placement in residual areas where they 

minimise opportunity costs to extractive users (Devillers et al. 2014). 

3.3.1.3 Challenges with estimating biological benefits 

While there are general patterns in the ecological response of marine systems to 

protection, ex ante prediction of biological benefits can be constrained by incomplete 

knowledge of MPA ecology and the “natural” state of marine ecosystems (Pauly 1995). 

For instance, changes in community structure may be complex and the effects of long-
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term protection on ecosystems is only now beginning to be understood (Edgar et al. 

2009; Ruppert et al. 2013). This is illustrated in New Zealand, where observed 

ecological changes in MPAs were “complex, often large, and continued to develop for 

decades” (Ballantine 2014 p297). At a time when industrialisation is transforming 

seascapes globally (McCauley et al. 2015), the role of MPAs as reference sites in which 

ecosystem responses can be measured and contrasted to unprotected areas is 

increasingly important. Indeed, although we know enough to predict some biological 

benefits, we may have insufficient understanding of MPA ecology to accurately 

calculate all their benefits. 

There are also challenges in ex post estimation of biological benefits. Pre-establishment 

baseline surveys are not often available because of the opportunistic nature of MPA 

implementation or the cost associated with baseline research, particularly in remote 

areas. Without baseline data, it can be difficult to tell what would have happened 

without the MPA (McClanahan et al. 2006). Notwithstanding these limitations, spatial 

comparison of comparable locations inside and outside MPAs and examination of long-

term trajectories of MPAs relative to unprotected areas (e.g. McCook et al. 2010) can 

provide data to assess biological benefits. However, this approach can be complicated 

by spatial heterogeneity in habitats both within and between locations. Such variability 

means that numerical magnitudes of benefits can be sensitive to local conditions and 

histories, increasing the number of studies (and thus cost) required for the development 

of specific predictions about biological benefits of MPAs.  
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3.3.2 Estimating market benefits 

A market benefit relates to some good or service that is bought and sold in a market and 

therefore is associated with a market price. It is worth remarking that market prices may 

not truly reflect a good or services’ total ‘value’; individuals may value items in ways 

not captured by changes in wages or property values (Hanemann 1994) (see Figure 3.3). 

Generally, values identified as “direct use” (see Figure 3.3) are those which are most 

likely to be observed in a market (Hoagland et al. 1995). The existence of a market price 

makes transparent the existence of a benefit and facilitates its measurement, although 

measurement challenges remain.  

Figure 3.3. Total economic value of a marine protected area (adapted from Clifton et al. (2014) and Hoagland 
et al. (1995)).  

 

3.3.2.1 Market benefits of MPAs 

There are two documented market benefits of MPAs: benefits to fisheries and to 

tourism. The former results from increases in the recruitment of juvenile fish (Harrison 
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et al. 2012) and/or movement of adults (Russ et al. 2003) from MPAs into adjacent 

fisheries, resulting in increased commercial catch (Roberts and Sargant 2002). The end 

result is increased revenue per unit of fishing effort, or reduced effort and cost per unit 

of fish caught. These processes have been observed in reserves in the Great Barrier Reef 

in Australia where MPAs produced approximately half of all juvenile recruitment to 

both MPAs and fished reefs within 30 km of the MPA (Harrison et al. 2012). An MPA 

may also lead to increased tourism values (Sala et al. 2013). Examples include MPAs in 

New Zealand (Costello 2014), the Philippines (Arin and Kramer 2002), and Gulf of 

California, Mexico (Wielgus et al. 2008). Benefits may include income to tourism 

operators and spin-off benefits to other local businesses (e.g. restaurants and hotels) 

through increased custom from tourists (e.g. Vianna et al. 2012).  

MPAs may provide other indirect market benefits (see Figure 3.3) that stem from 

ecosystem resilience and increased understanding of marine ecology. For example, 

enhanced ecosystem resilience in MPAs may help mitigate coastal damage from 

extreme weather events or coastal erosion (Angulo-Valdés and Hatcher 2010). This 

could decrease public or private expenditure on response to natural disasters or on 

coastal infrastructure. MPAs may also provide increased resilience against “climate 

invaders” that can have damaging impacts on fisheries catch (Bates et al. 2014). 

Additionally, MPAs provide the opportunity to increase knowledge of marine 

ecosystems. This increased knowledge can help marine managers design MPAs that are 

less expensive to establish and maintain, and more effective at protecting marine 

biodiversity. Increased ecosystem resilience and increased knowledge of marine 
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ecosystems are not goods that are directly traded in a market; however, their economic 

value can be quantified relatively easily through observing related market transactions.  

3.3.2.2 How are the market benefits of MPAs quantified? 

Market benefits attributed to MPAs may flow to at least three groups of beneficiaries: 

businesses (primarily those related to fishing and tourism), consumers who purchase 

products and services that depend to some extent on MPAs, and the local community 

(as represented by government) who can benefit from the payment of additional fees 

and taxes where these are paid by international tourists.  

Market benefits for businesses are well-approximated by the difference in profits of a 

business with and without the MPA. This difference in profits can be calculated and 

compared with other market benefits relative to the costs of providing an MPA. 

Biological factors that affect fisheries benefits from an MPA include: the future 

trajectory of fishing revenues over time, in areas outside the MPA and in the absence of 

the MPA; the extent to which the MPA is successful in increasing fish abundance 

within the MPA; the extent to which increased abundance spills over to fishing areas 

outside the MPA; the time scale for those biological changes; and the resulting changes 

in fish catch over time. Non-biological factors include: the sale price of fish whose 

catch level changes, including the way those prices change over time or for larger fish; 

the change in sale price if the supply of fish increases (due to the downward slope of the 

demand curve); the costs of fishing effort, including the way those costs change over 

time and; the nature of regulation, scrutiny and management imposed by government on 

the fisheries. The benefits to tourism operators are also driven by a somewhat similar 

list: the increase in marine life abundance within the MPA; the resulting increase in 
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tourist numbers; the market price of tourism services, and the way this changes in 

response to the establishment of the MPA (the demand curve); the costs of providing 

tourism services; and the constraints imposed by government.  

There remains limited published evidence of the magnitudes of market benefits to 

businesses from MPAs. Some examples include work by Goñi et al. (2009), who 

assessed how lobster spillover from an MPA contributed to commercial catch, and 

whether this contribution was sufficient to offset losses incurred when fishing grounds 

were incorporated into the MPA. The authors found that during an 8 to 17 year period, 

commercial catch (as measured by weight rather than quantity) increased by 10 per cent 

annually from lobster spillover from the MPA. Another example is by Vianna et al. 

(2012), who estimated the value of a shark sanctuary in Palau, finding that tourism from 

shark diving accounts for around 8 per cent of Palauan GDP. This study involved 

considerable simplifications as it measured only revenues, not costs, and only to 

business and government. 

Quantifying market benefits for consumers and the community 

Consumers benefit from MPAs because they are able to purchase products (e.g. fish for 

consumption) and services (e.g. tourism experiences) that they prefer to the products 

and services that they would otherwise have purchased with the same money. This 

includes consideration of the costs of purchasing the goods and services. Economists 

usually measure these benefits as changes in “consumer surplus”. Consumer surplus is 

the difference between the price paid for a good and the highest possible price that the 

consumer would have been willing to pay. The concept has similarities to business 

profit. In both cases there is a gain (represented by business revenue or a consumer’s 
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maximum willingness to pay) and a cost (the cost of purchasing inputs, or the cost of 

purchasing the good) and the benefit is calculated as the difference between the two.  

A key piece of information required to estimate consumer surplus is the demand curve 

for the particular product or service. This specifies the relationship between the price of 

the good and the quantity that consumers will choose to purchase. There is a large 

literature on the statistical estimation of these curves under different circumstances (e.g. 

Brasington and Hite 2005; Deaton and Muellbauer 1980). Demand curves are used to 

estimate the change in consumer surplus following a change in supply (e.g. of fish for 

consumption) due to the MPA (see, for example Figure 3.4). An increase in supply 

would not only increase consumption, it could also lower the price paid by consumers, 

giving them an additional benefit.  

To quantify the market benefits of MPAs for the community, any increase in public 

revenues or decrease in public costs is measured relative to some pre-MPA time period 

(M0, Figure 3.2). This measurement is conceptually straightforward, simply requiring 

information about those revenues or costs. However, this information must be recorded 

in a quantifiable and assessable way by the relevant government department. 

All three benefit categories (business, consumer and community), need to be aggregated 

over time, recognising that the same level of profit generated at different points in time 

has a different value. For benefits to be aggregated validly, an analyst must account for 

two factors: inflation and the opportunity cost of capital. With inflation factored out of a 

stream of benefits they are said to be expressed in “real” terms, reflecting real 

purchasing power at different points in time. In addition, expressing future real values in 

terms of their present value requires “discounting” (Pannell and Schilizzi 2006) to 
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reflect the financial reality that income received earlier can be invested for longer in 

income-earning opportunities. The impact of discounting on the magnitudes of 

measured benefits can be substantial, especially for benefits in the more distant future. 

For example, using a real discount rate of 10 per cent (realistic for some businesses), a 

real benefit of $100 in 20 years’ time would be equivalent to $15 in the present. 

Discounting can have a significant impact on the market benefits of MPAs because it 

can take between 1 and 10 years for biological, and hence market, benefits to accrue 

after establishing an MPA (Edgar et al. 2014; Halpern and Warner 2002). These future 

benefits must be discounted to present value before they can be compared with the up-

front capital costs of MPA creation. Recognising that up-front capital has an 

opportunity cost increases the challenge of generating sufficient benefits to outweigh 

the costs of MPAs (Armstrong 2007). 

3.3.2.3 Challenges with estimating market benefits of MPAs 

Although the observation of market prices eases the estimation of benefits from MPAs 

to some extent, there remain a number of significant challenges. There will be 

uncertainty about the specific biological outcomes of an MPA (see Section 3.3.1.3), 

along with uncertainty regarding the slope of the demand curve, and the shift in the 

demand curve due to the MPA (see Figure 3.4). Typically, it is only possible to observe 

supply and demand within a limited range of quantity supplied. If an MPA pushes 

quantity outside historic ranges, the slopes of supply and demand curves can only be 

estimated by extrapolation beyond the observed sample. Even if the MPA is in place, 

such that demand with the MPA can be observed, demand without the MPA cannot be 

observed, yet must be estimated. The chain of causal links, from establishment of an 

MPA to generation of commercial benefits to businesses, both fisheries and tourism 
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operators, is long and complex. This complicates the accurate estimation of market 

benefits. The most useful approach is likely to be creation of a bioeconomic model that 

quantifies and links each element in the causal chain, flowing into quantified business 

revenue and costs for any given scenario (see for example Sanchirico and Wilen 2001). 

This bioeconomic model could then be used to estimate the change in profits with and 

without an MPA.  

 

Figure 3.4. Change in fish supplied after the introduction of a marine protected area (MPA).  

There are also various challenges with the analytical tools used to estimate the market 

benefits of MPAs. For example, the preference of decision makers may be to factor in 

the benefits to domestic rather than international consumers (e.g. international tourists). 

However, discriminating between domestic and international consumers who are both 

participating in the domestic market is not possible using standard economic methods 

for estimating the demand curve. The complexity of the causal links between the 

biological benefits of MPAs and market benefits for businesses necessitates 
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sophisticated models that can capture such second-round effects. However, anticipating 

second-round effects of an economic change adds to analytical difficulty. For example, 

an increase in tourism would generate additional income for businesses and employees 

in the tourism sector, but they would then spend some of this additional income on other 

goods and services. Quantifying these flow-on effects on consumption and prices would 

require a multi-market model of the whole economy, rather than just a model of demand 

for particular tourism services. A further risk is double counting benefits. For example, 

some of the revenue received by a business and its employees is paid to governments as 

taxes. These amounts should either be included in the estimated benefits to business or 

the estimated benefits to government, but not both.  

3.3.3 Estimating non-market benefits 

The measurement of non-market benefits is more challenging because they relate to 

goods or services that are not traded in a market, and are therefore not associated with a 

market price. Values identified as “indirect” and “non-use” (see Figure 3.3) are those 

which are less likely to be observed in markets (Hoagland et al. 1995). A number of 

procedures have been developed to estimate these values, however, and will be 

discussed below. 

3.3.3.1 Non-market benefits of MPAs 

Non-market use benefits include recreational or tourism activities (see Figure 3.3), such 

as diving or snorkelling (Ledoux and Turner 2002), and may be more prevalent in 

accessible MPAs. Where MPAs are remote, and hence difficult for people to access or 

‘use’, non-use values may be more important to consider (Johnston et al. 2012), 

although non-use values will also exist for accessible MPAs. Non-use MPA benefits 
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include existence and bequest values (see Figure 3.3), where the former is the benefit 

people obtain from knowledge of the continued existence of an MPA, or environmental 

goods that are protected by an MPA, even when they will never visit the MPA or use its 

resources (Hoagland et al. 1995). Most existing research on non-use values has focused 

on charismatic species such as marine mammals and turtles, or prominent ecosystem 

components such as corals (Börger et al. 2014). Bequest value is the value people place 

on ensuring that an MPA and the environmental goods it protects are available for 

future generations (Tietenberg and Lewis 2012). The non-market benefits of MPAs are 

defined in terms of consumer surplus (described in section 3.3.2.2 in relation to market 

goods). However, the absence of prices or market data to infer demand curves makes 

the identification of consumer surplus more difficult.  

3.3.3.2 How are the non-market benefits of MPAs quantified? 

Non-market values are usually measured by revealed-preference and stated-preference 

methods (Tietenberg and Lewis 2012). The former use data on consumers’ observable 

choices to infer values for environmental goods (Tietenberg and Lewis 2012). They 

relate only to values that arise from people actually “using” (interacting with) MPAs. A 

useful valuation method to value the non-market benefits of MPAs is the travel cost 

method (Brown and Mendelsohn 1984), which relies on information about the costs 

incurred by people to visit a site. This is interpreted as an unobserved “shadow price” 

for site visits. The relationship between this shadow price and the quantity, or frequency 

of visits to the MPA, expresses the shadow demand function for the MPA (Alban et al. 

2008). The travel cost method has been used by Pascoe et al. (2014) to estimate 

recreational fishing benefits in the Moreton Bay Marine Park (Queensland, Australia). 

The authors estimated that increasing the size of the park (from 0.5 to 16 per cent of the 
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bay area) increased non-market recreational fishing benefits by A$1.3–$2.5 million a 

year. Another revealed-preference technique that may be relevant to MPAs in some 

cases is “hedonic pricing”. This interprets marine environmental quality as an attribute 

of a differentiated market good (Rosen 1974). For example, homes located close to an 

inshore MPA may command a price premium. This premium can be measured by 

observing prices paid for homes that are or are not close to an MPA, controlling for all 

other attributes.  

Benefits from MPAs can also be measured using stated-preference methods. These 

methods are based on information from surveys rather than from actual behaviour. 

Stated-preference methods have the advantage that they can elicit use and non-use 

values, such as the loss of well-being people would feel if, for instance, a species 

became extinct. Surveys can also assess preferences for how an MPA should be 

managed (Rogers 2013b). The two main stated-preference methods are contingent 

valuation (CV) and discrete choice experiments (DCEs) (Carson and Louviere 2011). In 

CV, the economic value of a public good is inferred using information related to 

preferences which is obtained through a survey (Carson and Louviere 2011; Spurgeon 

1992). For example, values of US$6 per family visit were estimated using CV in 

southern California for policies that reduced damage to MPAs through more effective 

enforcement and management (Hall et al. 2002). In a DCE respondents are asked to 

select their preferred choices from several options that vary in their outcomes and in 

their cost. From their responses, their implicit valuations of the outcomes can be derived 

statistically (Adamowicz et al. 1998). For example, Wattage et al. (2011) used a DCE to 

determine the Irish public’s economic value for the conservation of deep-sea corals. 
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They found respondents were willing to pay a personal tax of €1–€10 to ban trawling in 

all known coral areas. 

Revealed and stated-preference methodologies can also be combined. For example, 

travel cost and CV methods were used to estimate non-market benefits of MPAs in 

Florida (Bhat 2003). A survey collected revealed and stated-preference data on the 

number of times respondents had visited sites in the Florida Keys over the previous five 

years, and how many more times they would have visited during the same period with 

MPA-induced improvements in fish abundance, water visibility and coral health. The 

study found that the average visitor to the Florida Keys would undertake 43-80 per cent 

more trips and experience a 69 per cent increase in use values if reef quality improved 

in MPAs.  

In an effort to reduce the cost of providing information to decision makers, economists 

have developed a process known as “benefit transfer” (Johnston and Rosenberger 2010), 

whereby results are drawn from existing studies and adjusted to fit a particular situation 

where no previous non-market valuation study is available (Londoño and Johnston 

2012; Wilson and Hoehn 2006). In the UK, benefit transfer was used to estimate the 

present value of increases in the value of ecosystem goods and services (both market 

and non-market) provided by marine conservation zones over a 20 year period, giving a 

range of £10.2–£23.5 billion (3.5 per cent discount rate) (Hussain et al. 2010).  

3.3.3.3 Challenges with estimating non-market benefits 

Not all non-market valuation methods can be used to value all MPAs. Revealed-

preference methods such as travel cost or hedonic methods are limited to the valuation 

of goods that affect consumer choices in related markets, such as recreational trips and 
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property purchases (Börger et al. 2014). Some attributes of an MPA, such as those 

related to the deep sea, lack any direct effect on market activities or values, precluding 

the use of revealed-preference valuation methods (Börger et al. 2014). Stated-preference 

methods rely on people having an adequate knowledge and understanding of the issues 

that they being asked about (Aanesen et al. 2015; Chee 2004). New information that can 

be taken in and processed by respondents as part of the survey process is limited. For 

some issues, technical expertise may be needed to judge values or importance. One 

alternative is to rely on experts rather than the general public to provide values, but 

there is a trade-off here, as past research has shown that values elicited from experts are 

not necessarily representative of the broader community (e.g. Rogers 2013a).  

Stated-preference methods may be subject to bias because they are based on 

hypothetical scenarios and hypothetical decisions. However, this bias can be minimised 

through appropriate ex ante survey design strategies and ex post calibration techniques 

(Loomis 2014). For example, the conditions under which respondents would have an 

incentive to provide truthful responses, rather than strategically overstating their true 

willingness to pay, has been explored by Carson et al. (2014). Vossler et al. (2012, 

p.145) concluded that “truthful preference revelation is possible, provided that 

participants view their decisions as having more than a weak chance of influencing 

policy.”  

Conducting valuation studies can be relatively expensive (Tietenberg and Lewis 2012). 

As noted earlier, this expense can be avoided through benefit transfer; although this 

method also has its challenges. For example, there may be a lack of existing studies that 

are sufficiently similar to the desired context (Angulo-Valdés and Hatcher 2010; 
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Pendleton et al. 2007; Wilson and Hoehn 2006). The accuracy of benefit transfer will 

also be constrained by any measurement errors that were present in the original studies 

(Wilson and Hoehn 2006).  

Some policy makers may not support valuing environmental goods in monetary terms 

(Chee 2004; Clifton et al. 2014; Ludwig 2000). This lack of support will constrain 

application of non-market valuation. However, Rogers et al. (2015) found that this 

applied to a minority of surveyed staff from Australian policy agencies, and that a 

bigger factor was their general ignorance of non-market valuation techniques.  

3.3.4 Challenges relevant to both market and non-market benefits 

One of the chief difficulties with ex ante estimation of both market and non-market 

benefits of MPAs is that benefits depend on the expected changes in the environmental 

good that result from a change in policy (e.g. creation of an MPA) (Carson et al. 2001). 

Commonly, quantitative knowledge of these changes is lacking, so these values must be 

estimated. A difficulty with ex post estimation of an MPA’s market or non-market 

benefits is that MPAs are often established opportunistically, so that baseline data are 

not collected. Without these data the changes caused by an MPA are difficult to 

establish, inhibiting the estimation of benefits. In some cases, the marine resources to be 

valued are not stationary but move across MPA borders (Börger et al. 2014). MPAs 

may also span several countries, which introduces a further complication if different 

nationalities value resources differently. The area over which to estimate benefits must 

also be determined. For example, if a CV survey is undertaken to determine value for an 

MPA, should this survey be local, national, or international in scope (Loomis 1996)? 

The long time frames involved in the planning and realisation of MPA impacts also 
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complicate economic valuation of MPAs, beyond the challenges of discounting. Elicited 

values may be unstable over longer time frames (e.g. due to changing income levels), 

and even for current respondents there is likely to be high uncertainty about both MPAs 

and the broader context of their valuations decades into the future (Börger et al. 2014).  

3.4 Costs of marine protected areas 

There are three main costs associated with MPAs: establishment, maintenance and 

compliance costs (see Figure 3.1). Most MPAs are likely to incur similar types of 

establishment and maintenance costs, although the magnitude of these costs will differ. 

Compliance costs relate to affected fishers, rather than to the organisation that is 

responsible for an MPA, and will be discussed separately. 

3.4.1 Estimating establishment and maintenance costs 

Establishment costs include research and planning costs, as well as those incurred for 

outreach activities with the local community or other stakeholders. According to 

McCrea-Strub et al. (2011) the establishment phase of an MPA begins prior to its 

formal designation, and includes the following stages: proposal, planning, and 

preparation for the implementation and enforcement of management objectives and 

regulations. During the project proposal phase, establishment costs will include 

planning costs to develop a legal framework for MPA designation and to develop 

management plans. Community outreach activities may require expenditure on 

educational programs or for compensation to local community or other stakeholder 

groups. For example, in Moreton Bay (Queensland, Australia), the commercial sector 

was compensated for the closure of fishery areas due to the creation of an MPA; there 
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was an A$15.1 million structural adjustment package (Sen 2010). During the 

establishment of an MPA, costs may also be incurred to perform ecological and socio-

economic research, including collection of baseline ecological data, modelling of 

ecological changes under different climate or management projections and 

quantification of social impacts (Agardy 2000). Establishment costs may also include 

costs for training and infrastructure. 

Maintenance costs include administration, management and enforcement costs. Each of 

these categories is composed of staff expenses, operational costs and recurrent capital 

costs such as purchase and maintenance of vehicles and vessels (Ban et al. 2011). If 

enforcement is effective, there will likely be legal fees for prosecutions (Ban et al. 

2011).  

3.4.1.1 How are the establishment and maintenance costs of MPAs quantified? 

Quantification of establishment and maintenance costs is conceptually straightforward. 

They consist of readily measurable economic costs that, in principle, should be 

obtainable from the relevant organisations.  

There have been relatively few analyses of the costs of MPA establishment (McCrea-

Strub et al. 2011). Startup costs for the Apo Island conservation project in the 

Philippines were estimated by White et al. (2000) as US$75 000, but no details were 

reported as to their breakdown. To our knowledge, McCrea-Strub et al. (2011) are 

responsible for the only detailed study of establishment costs. The authors used data for 

13 MPAs worldwide to derive a model to estimate establishment costs. The study shows 

that variation in MPA establishment costs are most significantly related to MPA size, 
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and the duration of the establishment phase; greatest cost efficiency may therefore be 

achieved when establishing a large MPA over a short period of time.  

A number of studies have made detailed investigations of the factors influencing 

maintenance costs, including Ban et al. (2011), Balmford et al. (2004), and Gravestock 

et al. (2008). Ban et al. (2011) developed a statistical model based on Australian MPA 

management costs to extrapolate maintenance costs for a proposed MPA in the Coral 

Sea. The authors used explanatory variables related to MPA management costs in 

Australia, including data on management budgets, years since establishment and last 

gazettal, per cent designated as recreational zones, number of zones, and per cent area 

without no-take restrictions. The analyses by Balmford et al. (2004) and Gravestock et 

al. (2008) collected information on maintenance costs via surveys of existing MPAs 

worldwide. Among the information collected were data on MPA area, protection type 

and goals, staffing, recurrent income and expenditure, and how much (if any) extra 

expenditure and staff were required for minimum effective protection. Balmford et al. 

(2004) found that global annual running costs per unit area spanned six orders of 

magnitude and were higher in MPAs that were smaller, closer to coasts and in high-

cost, developed countries (Balmford et al. 2004). Gravestock et al. (2008) concluded 

that maintenance costs were dominated by MPA size and visitor numbers and to a lesser 

extent by the purpose of the MPA, dominant habitat type, parent nation wealth, source 

of funds and zonation. Although both Balmford et al. (2004) and Gravestock et al. 

(2008) found that maintenance costs per unit area decreased as MPA size increased, Ban 

et al. (2011) suggested that this relationship may be non-linear: economies of scale may 

initially dominate the relationship between increasing MPA size and management cost 
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until a threshold is reached whereupon costs would again increase as MPA size 

increased. 

3.4.1.2 Challenges with estimating the establishment and maintenance costs of MPAs 

Different MPAs are established with different management objectives in mind. This 

makes it unlikely that costs will be consistent and hence straightforward to predict 

(Gravestock et al. 2008). Establishment costs depend on the time taken to establish an 

MPA, but this is difficult to predict and likely to vary substantially between MPAs 

(McCrea-Strub et al. 2011). Establishment costs are also likely to be spread across 

various entities, both public and private, further complicating their measurement 

(McCrea-Strub et al. 2011). Estimation of maintenance costs can be made difficult by 

the complexity of MPA attributes, including different sizes, locations, demands on 

resources (for example, by visitors or for enforcement), and the degree of focus on 

community relations and education (Ban et al. 2011; Gravestock et al. 2008).  

Even where an MPA is already in place, estimation of costs can be difficult due to 

limitations of institutional memory and economic records, and will depend on the 

willingness of all funding sources to divulge economic data (McCrea-Strub et al. 2011). 

Where documented, this information typically exists in the “grey” literature, which may 

have limited availability and often is not systematically catalogued (Gravestock et al. 

2008). In particular, data on the costs of building local and national capacity and 

political support for MPAs are limited (Balmford et al. 2004). Such management cost 

data that do exist is often highly aggregated and may only reflect broad categories (e.g. 

staff, operation costs) or total costs (Ban et al. 2011) or be combined with other non-

MPA costs. The majority of existing MPAs are quite small, and their costs are of 
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limited relevance to larger MPAs, such as those planned for the Coral Sea (Ban et al. 

2011). 

3.4.2 Estimating compliance costs 

Two main types of compliance costs that are relevant to MPAs are opportunity and 

transaction costs. The former are a benefit that could have been generated but is 

foregone to pursue some other benefit. In the case of MPAs, fishers face an opportunity 

cost equal to the loss of profits that results from banning fishing within the MPA. These 

opportunity costs are primarily borne by private businesses – for example, fishers. 

Where compensation is offered to offset opportunity costs the community will also bear 

a cost. Perceptions of high opportunity costs are behind much of the opposition to 

MPAs that is expressed in political debates (Smith et al. 2010). Transaction costs are 

borne by fishers and others in the course of MPA policy administration. Transaction 

costs include the costs of time spent learning about the MPA and its implications, 

completing any required paperwork, reporting, holding discussions with program staff, 

obtaining legal advice, etc. (McCann et al. 2005).  

3.4.2.1 Opportunity costs of MPAs: description, measurement, and challenges 

Opportunity costs should preferably be measured as reductions in profits, not just 

reductions in revenues, because input costs may also change. Prior to MPA 

establishment, the opportunity cost would be indicated by the profits then being made 

by businesses from their activities within the planned or proposed MPA. In some 

countries, and for some types of businesses, that information may be publicly available, 

but in other cases it is private and confidential. When considering how opportunity costs 

may change over coming decades, allowance needs to be made for subsequent changes 
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that would have altered profits in the absence of the MPA (e.g. changes in technologies, 

output prices or input costs).  

The opportunity cost of creating an MPA depends on the other economic opportunities 

available to businesses. For example, if the economy is booming outside the fishing 

industry, fishers would suffer smaller economic losses from leaving the fishing industry 

and moving into another sector. This highlights that opportunity costs need to be 

measured relative to the next-best income earning activity available to the affected 

businesses and workers, which may be either inside or outside the fishing industry. The 

true opportunity cost will almost always be less than the reduction in fishing profits 

within the MPA, because fishers can move to alternative fishing grounds, i.e. have 

spatial mobility (Cinner 2007), or to alternative occupations. 

A feature of opportunity costs to fishers is that they occur in the short term, 

commencing as soon as the MPA is created. On the other hand, any benefits to fishers 

arising from increased fish abundance outside the MPA are likely to be delayed. The 

length of the time lag depends on biological factors, principally the dispersal of fish and 

growth rate of stock. Discounting future benefits, to allow for the opportunity cost of 

capital (see Section 3.3.2.2), makes it less likely that benefits will outweigh short-term 

opportunity costs (Smith et al. 2010).  

The presence of subsidies to fishers can complicate estimation of opportunity costs in 

some countries (Sumaila et al. 2008; Tyedmers et al. 2005). Subsidies mean that fishers’ 

profits no longer reflect true opportunity costs from a whole-of-society perspective, and 

that fish catch may exceed the socially optimal level. In principle, a benefit: cost 

analysis of an MPA proposal should estimate opportunity costs based on estimates of 
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profits and fishing activity in the absence of subsidies. Of course, subsidies remain 

relevant to the consideration of winners and losers from the proposed policy change.  

3.4.2.2 Transaction costs of MPAs: description, measurement, and challenges 

Although recognition of, and interest in, transaction costs in natural resource programs 

and policies has increased in recent years (e.g. Garrick et al. 2013; McCann 2013; 

Pannell et al. 2013), there are still relatively few studies that have measured these costs. 

To do so is challenging, as it requires detailed information about time taken by 

businesses to undertake MPA administration tasks, and about how these times change as 

a consequence of the MPA. Studies of natural resource management policies in 

terrestrial settings reveal that transaction costs can be substantial. For example, 

transaction costs borne by public agencies have been estimated at roughly 30 per cent of 

total program cost (McCann et al. 2005). When evaluating greenhouse gas policies, 

Ofei-Mensah and Bennett (2013) found that transaction costs per tonne of reduced CO2 

equivalent varied almost three-fold (A$2.5–$7.2) among different program options. 
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Table 3.1. Overview of the key challenges in estimating the economic benefits and costs of marine protected 
areas (MPAs).  

Economic 
benefit or cost Key challenges 

Biological 
benefits 

Incomplete knowledge of the ecology 

Baseline data not available 

  Market 
benefits 

Uncertainty about supply and demand 

Complexity of causal links between MPAs and commercial benefits 

Cannot observe outcomes both with and without MPAs 

Difficulty discriminating between domestic and international consumers 

Risk of double counting benefits 

  Non-market 
benefits 

Not all non-market valuation methods can be used to value all MPAs 

Respondents may have inadequate knowledge or understanding of issues 

Hypothetical bias in survey-based approaches 

Lack of existing studies for benefit transfer 

Non-market valuation methods not universally accepted 

  Market and 
non-market 

benefits 

Ecological uncertainty and lack of biological baseline data 

Values vary across countries even when they share an MPA 

Values vary over time, e.g. due to changing wealth 

Mobility of marine resources 

  Establishment 
and 

maintenance 
costs 

Costs vary depending on objectives and attributes of MPAs 

Difficulty predicting how long an MPA will take to establish 

Establishment costs are spread over various entities 

Lack of availability or reliability of economic data 

Existing cost data may be highly aggregated 

  Compliance 
costs 

Difficulty obtaining access to economic data that is not publicly available 

Difficulty identifying the next best opportunity available to displaced businesses 

Subsidies to fishers distort opportunity costs 

Estimating transaction costs requires highly detailed information 
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3.5 Conclusion 

Economic analysis assists decision makers to evaluate whether an MPA provides 

benefits in excess of costs. It helps to identify which MPA designs or locations offer the 

best value for money. It provides a whole-of-community perspective that can otherwise 

be difficult to achieve, and it provides insights into the distribution of benefits and costs 

from an MPA amongst various stakeholders. The latter can assist with decisions about 

potential compensation to losers.  

As we have shown, obtaining these benefits from economic analysis involves a number 

of challenges, which are summarised in Table 3.1. There are conceptual issues that need 

to be addressed carefully and knowledgeably. These include estimating the benefits of 

an MPA based on a comparison of benefits and costs with versus without the MPA, 

rather than before versus after its establishment (Figure 3.2); the correct application of 

discounting to allow comparison of values at different times; and avoidance of 

inadvertently double counting the same benefits in different forms.  

Methodological issues include: knowing which economic methods to use to estimate 

particular types of benefits and costs; the difficulty of discerning between domestic and 

international consumers; avoiding hypothetical bias in survey-based approaches; and 

appropriately accounting for the opportunity cost of MPA establishment. Issues related 

to the availability of information include: limited knowledge to make quantitative 

estimates of ecological and fishing outcomes; lack of baseline data; lack of existing 

non-market valuation studies to facilitate use of benefit transfer; and difficulties 

sourcing reliable economic data to estimate costs. 
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In some cases, these challenges could be addressed by additional research. Areas we 

have identified as needing additional research include: improving understanding of the 

ecological changes that occur in MPAs, establishing ecological and fishing industry 

baselines; quantifying causal links between MPA establishment and their market 

benefits or opportunity costs; and non-market valuation studies specific to MPAs.  

It is important to note that an economic assessment of MPAs is not just about estimating 

costs. It is about considering both benefits and costs to support better decision making, 

particularly as these benefits may not all be market-based. In this paper we identify the 

key concepts that should be considered. Although quantifying the benefits and costs of 

MPAs is a challenging task, it is important to understand the value of MPAs. 

Information about the cost-effectiveness of conservation actions is critical for good 

management decisions. For MPAs to achieve their full potential, they need to be 

designed with value for money in mind. It is also unlikely that opposition to MPAs will 

diminish – user groups affected by MPAs will require evidence of MPA benefits, or 

compensation to offset the losses that they incur. As the number of economic studies 

focusing on the benefits and costs of MPAs grows, it will become easier for 

governments to realistically evaluate these issues and for economists to provide 

subsequent analyses. 
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Research question addressed: How does the spatially optimal allocation of marine 

zones change when monitoring and enforcement costs are taken into account, and do 

the benefits of enforcement outweigh the costs? 

The research undertaken in Chapter 5 of this thesis contributes to our understanding of 

the economic benefits and costs of spatial marine management, and demonstrates how 

incorporating these benefits and costs into a spatial optimisation model can improve 

spatial management decisions.  

In Chapter 3, I demonstrated that marine protected areas (MPAs) can provide 

substantial biological, market and non-market benefits, but that these benefits do not 

come without costs. I also identified the importance of enforcement to attain spatial 

management benefits, and that enforcement costs are a major component of 

maintenance costs. In Chapter 5 I investigate the benefits and costs identified in Chapter 

3, particularly focusing on the benefits and costs of enforcement, and incorporate these 

into a spatial optimisation model. It is worth noting that this is not a traditional fish 

harvest model (e.g. Schaefer 1957), but rather a model which has traditionally been 

employed in the conservation literature to identify reserve or multiple-use zoning 

designs which maximise biological diversity (Margules et al. 1988), or which can 

balance conservation and socio-economic objectives (Klein et al. 2009). Figure 4.1 

shows which topics within the overall thesis theme are focused on in Chapter 5. Policy 

objectives for the spatial allocation of marine zones might be to maximise fisher 

revenue or to achieve abundance (conservation) targets. However, whether the zones 

provide biological and market benefits will depend on whether spatial management is 

enforced. The decision of individual fishers to enforce and comply with catch 

restrictions is endogenous within the model developed in Chapter 5. It is assumed that 
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fishers contribute to the enforcement of enforced zones and harvest the maximum catch 

allowed in each zone.  

By improving our understanding of the impact of maintenance costs like enforcement 

costs on spatially optimal marine management, we can identify marine spatial allocation 

which achieves conservation objectives and maximises revenue for fishers. Enforcement 

has been identified as a key requirement for spatial marine management to provide 

biological benefits (Guidetti et al. 2008), however, globally there is a lack of 

enforcement of marine areas (Rife et al. 2013). The research presented in Chapter 5 

therefore contributes to the literature by demonstrating the potential for enforcement to 

provide net benefits for fishers, as well as to provide conservation benefits. Through 

improving our understanding of the market benefits of spatial management decisions – 

particularly regarding enforcement, we can improve our understanding of fishers’ 

preferences for spatial marine management (explored further in Chapter 7).  
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Figure 4.1. Overview of topics covered in Chapter 5 (black text), in the context of the larger thesis theme 
(topics not covered are in lighter text). 
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5.1 Abstract  

Marine fish stocks are in many cases extracted above sustainable levels, but they may 

be protected through restricted-use zoning systems. The effectiveness of these systems 

typically depends on support from coastal fishing communities. High management costs 

including those of enforcement may, however, deter fishers from supporting marine 

management. We incorporated enforcement costs into a spatial optimisation model that 

identified how conservation targets can be met while maximising fishers’ revenue. Our 

model identified the optimal allocation of the study area among different zones: no-take, 

territorial user rights for fisheries (TURFs), or open access. The analysis demonstrated 

that enforcing no-take and TURF zones incurs a cost, but results in higher species 

abundance by preventing poaching and overfishing. We analysed how different 

enforcement scenarios affected fishers’ revenue. Fisher revenue was approximately 50 

per cent higher when territorial user rights were enforced than when they were not. The 

model preferentially allocated area to the enforced-TURF zone over other zones, 

demonstrating that the financial benefits of enforcement (derived from higher species 

abundance) exceeded the costs. These findings were robust to increases in enforcement 

costs but sensitive to changes in species’ market price. We also found that revenue 

under the existing zoning regime in the study area was 13–30 per cent lower than under 

an optimal solution. Our results highlight the importance of accounting for both the 

benefits and costs of enforcement in marine conservation, particularly when incurred by 

fishers.  
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5.1.1 Keywords:  

Chile, conservation planning, linear programming, marine stakeholders, reserve design, 

spatial optimisation, territorial user rights  

5.2 Introduction  

Growing industrial and consumer demands are negatively affecting fish stocks, which 

are extracted above sustainable levels in many fisheries (FAO 2012). Restricted-use 

management zones such as marine reserves (Alcala & Russ 1990) or territorial user 

rights for fisheries (TURFs) (Castilla 2010; Wilen et al. 2012) can promote sustainable 

extraction of marine resources and provide economic benefits through higher species’ 

abundance in managed zones (Gelcich et al. 2012). This zoning also involves economic 

costs including establishment costs; management costs, particularly for enforcement 

(White et al. 2000; Balmford et al. 2004); and opportunity costs, such as forgone fishing 

or tourism revenue (Sanchirico & Wilen 2007; Smith et al. 2010). Marine zoning may 

also generate nonfinancial benefits and costs such as nonmarket ecosystem values (e.g., 

Pendleton et al. 2007).  

Community support is usually necessary for successful marine management (Lundquist 

& Granek 2005; Klein et al. 2008), but the management and opportunity costs of marine 

zoning are often incurred primarily by local communities (Cinner 2007), potentially 

compromising support. Accounting for the costs of marine zoning, and its potential 

benefits, may be important for maintaining community support (Granek & Brown 

2005). 
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Spatial optimization models, for example, Marxan with Zones (Watts et al. 2009), may 

be used to design marine zoning while accounting for management and opportunity 

costs. Previous researchers have used spatial optimization models to minimise the cost 

of meeting species’ representation targets (Kirkpatrick 1983) and to maximise 

abundance—subject to area or budget constraints (Ando et al. 1998; Polasky et al. 

2001). The majority of spatial optimization models used in conservation employ mixed 

integer programming with binary decision variables and heuristics (Pressey et al. 1996) 

or optimization techniques (Önal & Briers 2003) to solve the decision problems. Spatial 

optimization models are used in terrestrial applications, where reserves compete with 

forestry and other land uses (Polasky et al. 2005), and in marine applications, in the 

design of marine reserves and fisheries management (Klein et al. 2008). 

A number of researchers highlight the benefits of including economic variables in 

optimal reserve design (e.g., Polasky et al. 2001). This has resulted in more cost 

effective solutions (better outcomes achieved given fixed resources) and in more 

efficient conservation planning (fewer resources required to achieve given objectives) 

(Ando et al. 1998; Moore et al. 2004; Naidoo et al. 2006). Marine conservation planning 

in which economic costs have been incorporated in optimal reserve design have focused 

on minimising opportunity costs to fishers due to catch restrictions (Stewart & 

Possingham 2005) or fishery closures (Klein et al. 2009). There have been analyses of 

the optimal placement of reserves to maximise fishery yields or profit (Rassweiler et al. 

2012; Yamazaki et al. 2012) and to determine optimal fishing effort (Hoff et al. 2013). 

We devised a spatial optimization model which incorporates management and 

opportunity costs incurred through marine zoning. In particular, we focused on the 
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management cost of enforcement and the opportunity cost of catch restrictions. 

Conservation goals were met by setting fixed species’ abundance targets; the model 

minimised the opportunity costs to fisher communities of meeting these goals by 

maximising fisher revenue. Our objective was to determine how including enforcement 

and opportunity costs into an equilibrium bioeconomic model affects optimal marine 

zoning allocation. We compared optimal zoning with existing zoning. 

5.3 Methods 

5.3.1 Study Site 

Our study area was the central marine region of Chile, between 33°20’ and 33°29’S. In 

this area, 3 fisher associations operated from the caletas (i.e., fishing coves) of 

Algarrobo, El Quisco, and Las Cruces. The study area had 8 locations where TURFs 

have been assigned (Figure 5.1). The TURFs are part of the Chilean Fisheries and 

Aquaculture Law and allow fisher associations to apply for exclusive access rights for 

marine resource extraction in defined areas (Castilla 2010). These rights are granted on 

the condition that fisher associations comply with total allowable catch limits and other 

reporting requirements (Gelcich et al. 2005). The costs of monitoring and enforcement 

to prevent poaching are largely borne by fisher associations; consequently, we 

considered these costs from the enforcement costs incurred by the Chilean fisheries 

service or navy. The average TURF size in the study area was 136 ha. There was also 

1–15-ha no-take area, which has been managed and enforced by the Pontificia 

Universidad Católica de Chile since 1982 (Navarrete et al. 2010). 
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The study area extends from the shoreline to 800m off the coast. This area was divided 

into 96 cells (i, i = 1,...,96). Each cell is approximately 30 ha in size (302,584 m2), 

which ensures they are large enough to function as viable, independent reserves as 

evidenced from 30 years of biological monitoring of the existing no-take area 

(Navarrete et al. 2010).  

 

Figure 5.1. Study area in the central marine region of Chile (inset). (a) Locations of 3 caletas (i.e., fishing 
coves), existing areas of territorial user rights for fisheries (TURFs) and no-take areas, and model decision 
cells (i) (outlined in black). (b) Enforcement bands within the study area (costs based on data from the El 
Quisco fisher association [J. Moraga, personal communication]). 

5.3.2 Zones  

Human activities were spatially restricted by allocating area to zones (z) representing 

different management activities or usage. There were 5 zones in the study area: open 

access (O), TURF (T), enforced-TURF (ET), no-take (N), and enforced no-take (EN). 
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Henceforth, the term managed area describes all zones except open access. Marine 

species’ abundance varied among zones. The decision problem was to allocate each of 

the 96 marine cells (i) to one or more of these zones, controlled by the decision 

variables CO,i, CT,i, CET,i, CN,i, and CEN,i. The decision variables (Cz,i) were bounded by 

zero and one, and fractional values were allowed. By avoiding the use of binary 

decision variables, the model was made more tractable and solution speed was increased 

(Camm et al. 1996). Each cell was fully allocated to one or more zones  

∑ 𝐶𝑧,𝑖𝑧 = 1, 𝑤ℎ𝑒𝑟𝑒 𝑖 = 1, … ,96  (1) 

5.3.3 Abundance  

We analysed 5 commercially fished species (s): 2 marine invertebrates (key-hole limpet 

[Fissurella crassa] and gastropod loco [Concholepas concholepas]) and 3 reef fish 

(biligay [Cheilodactylus variegatus], vieja [Graus nigra], and rollizo [Pinguipes 

chilensis]). The market price is the average price that one individual of a given species 

sells for in a first transaction at the local caleta market (Supporting Information). 

Abundance levels for the 5 species were based on Gelcich et al. (2012). These authors 

examined abundance in 4 zones which had been established in the study area for at least 

7 years: open access, TURF, enforced TURF, and enforced no-take. They found that 

abundance levels were a function of management; abundance (density) differed 

significantly between management zones (R = 0.44, p < 0.01). Abundance (A) in our 

model was thus an equilibrium abundance level, measured as the number of individuals 

per square metre of benthic habitat as observed in each zone (Supporting Information). 

Our data allowed the model to realistically account for species’ persistence in all zones, 
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including open access. This is in contrast to other reserve selection approaches, which 

commonly assume species do not survive outside managed areas (Polasky et al. 2005). 

We used the observed difference in abundance between the TURF and enforced-TURF 

zones to estimate abundance in the no-take zone from the observed abundance in the 

enforced no-take zone. We did not consider processes of spillover and recruitment 

between zones and assumed equilibrium abundance in each zone was unaffected by 

zone size. We assumed no net movement of species between zones because the species 

in question are benthic invertebrates with limited spillover potential or reef fish species 

with restricted home ranges (Godoy et al. 2010).We also assumed that the entire study 

area was available as habitat for the marine resources of interest. 

The model included an abundance constraint (Eq. 2) for each species which specified a 

minimum level of species’ abundance. This constraint functions as a conservation target 

and was expressed as a proportion (Aprop) of the maximum abundance (Amax) of each 

species (s). We calculated maximum abundance by multiplying the highest observed 

abundance for each species (Supporting Information) by the size of the entire study area 

(29 million m2). The abundance constraint was summed across all cells and specified 

that the abundance of each species in the total study area must be greater than or equal 

to a proportion of their maximum abundance 

Aprop × Amaxs  ≤  ∑ ∑ (𝐴𝑠,𝑧,𝑖 × 𝐶𝑧,𝑖)𝑧𝑖 .  (2) 

5.3.4 Stock multiplier and catch levels  

A stock multiplier determines what proportion of a species’ total population is 

commercially exploitable— the exploitable stock level. We used a value of 0.30 for all 
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species (BITECMA 2003). The catch level described the proportion of exploitable stock 

that could be caught in each zone: 100 per cent in open access, 20 per cent in TURF and 

enforced-TURF zones, and 0 per cent in no-take zones (BITECMA 2003). Catch levels 

(%) in TURF and enforced-TURF zones were based on the current total allowable catch 

limit for TURF areas. We assumed fishers catch the maximum allowable level. Chilean 

legislation prohibits the harvest of loco in the open access zone: a catch level of 0 per 

cent was applied for this species. 

5.3.5 Enforcement costs  

In the TURF system, fishers monitor enforced areas to counter illegal poaching (Gelcich 

et al. 2012), which incurs a cost. Compared with non-enforced cells, enforced cells had 

both higher management (monitoring and enforcement) costs and greater benefits 

(higher species’ abundance). Henceforth, the term enforcement costs describes the costs 

of both monitoring and enforcement. Enforcement costs depend on the traveling 

distance from the caleta to the relevant TURF and the opportunity cost of time. The 

greatest distance between a location in the study area and a caleta was 8 km; therefore, 

we divided the study area into 8 enforcement bands (Figure 5.1). Similar to Ban et al. 

(2009), we assumed that enforcement costs increase with distance from population 

centres; in our model this increase was linear. Enforcement cost in the first band was 

$200/month for an average sized TURF (136 ha); this cost increased by $100 in each 

subsequent, more distant band. Monetary units are in 2012 U.S. dollars, when $1 was 

equivalent to CLP$500. This data matched observed enforcement costs for the El 

Quisco A TURF ($400/month) and El Quisco B TURF ($800/month) (J. Moraga, 
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personal communication) (Figure 5.1). Only enforced zones incurred enforcement costs. 

We assumed enforcement costs were the same for all enforced zones.  

5.3.6 Model scenarios and objectives  

We analysed 4 scenarios in which the aim was to meet abundance targets while 

maximising fishers’ revenue through spatial allocation of zones. The scenarios varied in 

their treatment of enforcement: A, no enforcement; B, enforcement, but no enforcement 

costs; C, enforcement with enforcement costs; and D, as for C but constrained to 

allocate cells to their existing zone if they were part of an existing TURF, enforced 

TURF, or enforced no-take. 

Fishers’ revenue was equal to the product of catch and market price across all species, 

where catch was equal to the number of individuals across all species that could be 

caught within the study area. Additional information regarding scenario D and model 

formulae are available in Supporting Information. For scenario A, we assumed no 

resources are spent on enforcement of user rights; the decision variables were thus CO,i 

(open access), CT,i (TURF), or CN,i (no-take). 

Scenarios B and C solved for the optimal spatial allocation of zones that maximises 

revenue and allowed enforced management zones to be selected (CET,i and CEN,i). We 

evaluated the impact of enforcement and enforcement costs by comparing scenarios B 

and A (with and without enforcement) and scenarios C and B (with and without 

enforcement cost). Scenario D accounted for the existing management in the study 

area—any changes to this existing allocation would likely incur costs. It was therefore 

worthwhile to determine the difference between the unconstrained scenario C and 
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constrained scenario D. In scenarios C and D, the costs of enforcement were subtracted 

from fishers’ revenue in the objective function. The model aggregated all enforcement 

costs incurred by fisher associations (TURF zones) and possible managers of no-take 

zones. 

We analysed all model scenarios at a range of abundance targets to determine how the 

optimum solution changed with different conservation targets. Because abundance is 

linked to area, proportional abundance targets were interchangeable with proportional 

area targets. Model scenarios A, B, and C were compared for abundance targets 0.04, 

0.08, and 0.12. These targets were lower than targets generally analysed in the literature 

(e.g., 20 per cent–30 per cent of a given habitat; Stewart & Possingham 2005; Klein et 

al. 2008) because the highest conservation target (Aprop) that could be achieved under 

scenario A was 0.12 (12% of maximum abundance) due to low abundance levels 

observed in non-enforced zones. Scenario A was used principally for comparison with 

scenarios B and C. In scenarios B, C, and D, potentially higher abundance could be 

achieved due to enforcement, which deters poaching. These scenarios were therefore 

compared at abundance targets 0.10, 0.20, 0.30, 0.40, and 0.50 to explore how solutions 

changed with varying conservation targets. We used the results for scenarios A, B, and 

C to estimate the benefit-cost ratio (BCR) of enforcement. The BCR was calculated as 

the ratio of benefits from enforcement relative to the costs of enforcement ([B– A]/[B–

C]).  

5.3.7 Sensitivity analyses  

Scenario C was used to test the sensitivity of the model to changes in parameter values. 

We determined the robustness of the optimal solution to changes in 2 key parameters: 
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market price and enforcement cost. The relative contribution of each species to revenue 

was determined by its abundance and market price. Because loco is one of the major 

commercial species for the benthic artisanal fishing industry in Chile, it was chosen to 

test the sensitivity of the model. Market price varied from $0.75/loco to $4.50/loco, 

while holding all other parameters constant. We increased the enforcement cost incurred 

for the enforced zones (ET and EN) by factors of 2, 3,…, 11. For each analysis, we 

assumed that abundance levels were unchanged; this sensitivity analysis therefore 

reflected uncertainty about the true costs of enforcement for given equilibrium 

abundance levels.  

5.4 Results  

Revenue under scenario A was lower than under scenarios B and C (Table 5.1). In 

scenario A, higher abundance targets resulted in the model selecting larger areas of 

TURF which (even with no enforcement) have somewhat higher abundance than open 

access areas but lower revenue due to catch restrictions.  
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Figure 5.2. Zoning solutions for scenario C (upper row, spatially optimal allocation of area to different 
management zones when enforcement costs are incurred) and D (bottom row, spatially optimal allocation of 
area to different management zones when enforcement costs are incurred and the model is constrained to 
allocate cells to their existing zone if they were part of an existing TURF, enforced TURF, or enforced no-
take): (a)–(e) different abundance targets (targets based on proportion [Aprop] of maximum abundance which 
was different for each species) for scenario C; (f)–(j) different abundance targets for scenario D (targets based 
on proportion [Aprop] of maximum abundance which was different for each species; place names, fisher 
association locations; TURF, territorial user rights for fisheries). Cells can be allocated to more than one zone 
in which case, for the purposes of illustration, we assigned them to the zone in which >50 per cent of their area 
was allocated.  
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Table 5.1. Proportion of study area allocated to each zone and fisher revenue under model scenarios A, B, and 
C. 

 

aFisher revenue for scenarios a and b is equal to the product of catch and market price. Fisher revenue for 
scenario c is equal to the product of catch and market price minus enforcement costs, where these costs are 
both public (government) and private (fisher associations)  

bBenefits of enforcement for scenario c represent net benefits 
cTerritorial user rights for fisheries 

Under scenario B, we allowed the selection of enforced zones but assumed enforcement 

in these zones had no cost. In this scenario, the optimal strategy was 100 per cent 

enforced TURF. This strategy had higher revenues than any of the solutions for scenario 

A because species’ abundance was greater in enforced zones. When the cost of 

enforcement was recognized (scenario C), the optimal strategy remained 100 per cent 

enforced TURF, but fisher revenue fell by the cost of enforcement (which is undertaken 

by the fisher associations). This showed that the economic benefits of enforcement 

outweighed the costs for the 0.04–0.12 abundance targets. With no abundance target 

(Aprop 0.00) the BCR of enforcement was 4.6. At the highest abundance target 

considered under scenarios A, B, and C (Aprop 0.12), the BCR was 8.9; in all cases the 

BCR was much >1.  

Scenario

Abundance 
target 

(Aprop )

Revenuea

('000 USD)
(Net) Benefits 

of enforcmentb

('000 USD)

Open 
access

%

TURF
%

Enforced-
TURF

%

No-take
%

Enforced-
no-take 

%

A 0.00 2,538 100.0 0.0 0.0
0.04 2,465 88.0 12.0 0.0
0.08 2,249 52.3 47.7 0.0
0.12 2,025 16.5 83.1 0.4

B 0.00 3,092 554 0.0 0.0 100.0 0.0 0.0
0.04 3,092 627 0.0 0.0 100.0 0.0 0.0
0.08 3,092 843 0.0 0.0 100.0 0.0 0.0
0.12 3,092 1,067 0.0 0.0 100.0 0.0 0.0

C 0.00 2,972 435 0.0 0.0 100.0 0.0 0.0
0.04 2,972 507 0.0 0.0 100.0 0.0 0.0
0.08 2,972 723 0.0 0.0 100.0 0.0 0.0
0.12 2,972 948 0.0 0.0 100.0 0.0 0.0
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In scenarios A and B, there were no enforcement costs that varied with distance from 

caletas. Therefore, allocation of zones had no spatial component. Zoning solutions for 

scenario C did have a spatial component because enforcement costs increased with 

distance from the caletas. At abundance targets of 0.00–0.40, cells in lower cost-of 

enforcement bands were allocated to the enforced-TURF zone (ET) (Figure 5.2); these 

bands were closer to caletas. Cells in higher cost-of-enforcement bands were allocated 

to the no-take zone (N). This zone did not incur an enforcement cost, but has somewhat 

higher abundance levels than the TURF or open access zones (T, O).  

The comparison of scenarios C and D showed the difference between an optimal 

allocation of zones and constraining allocation to account for a zones’ existing status. 

When the model was not constrained by a zones’ existing status (scenario C), more area 

was allocated to the enforced-TURF zone and less was allocated to the enforced no-take 

zone (Figure 5.2). Revenues under scenario C were from 13 per cent to 30 per cent 

higher than under scenario D for all abundance targets. This showed that scenario D’s 

existing status was suboptimal from a revenue perspective (Table 5.2).  
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Table 5.2. Proportion of study area allocated to each zone, and fisher revenue, under scenarios C and D. 

 

aModel scenarios: C, with enforcement and with enforcement cost; D, as for C but constrained to allocate cells 
to their existing zone if they were part of an existing TURF, enforced TURF, or enforced no-take. 
b Territorial user rights for fisheries. 
c Fisher revenue for scenarios C and D is equal to the product of catch and market price minus enforcement 
costs, where these costs are both public (government) and private (fisher associations). 

A sensitivity analysis of the market price parameter showed that the allocation of zones 

at different abundance targets was the same under market prices $1.50 (base case), 

$3.00, and $4.50 (Figure 5.3 & Supporting Information). When the market price of loco 

was halved ($0.75), area allocated to the enforced-TURF zone decreased and area 

allocated to the open-access and no take zones increased. This result suggests that when 

the profitability of loco decreased, it was no longer as economically attractive to 

manage the study area as enforced TURF. At a low market price for loco, the 

dependence on enforced-TURF zones to meet the abundance target was no longer 

optimal; the same abundance was achieved with greater reliance on open-access and 

some no-take zones. 

Scenarioa
Abundance 

target 
(Aprop )

Open 
access

%

TURFb

%
Enforced-

TURF
%

No-take
%

Enforced-no-
take 
%

Fisher 
revenuec

('000 US$)
(c ) 0.00 0 0 100 0 0 2,972

0.10 0 0 100 0 0 2,972
0.20 0 0 91 9 0 2,717
0.30 0 0 80 20 0 2,386
0.40 0 0 68 32 0 2,052
0.50 0 0 57 43 0 1,716

(d ) 0.00 0 30 66 0 4 2,549
0.10 0 30 66 0 4 2,549
0.20 0 30 61 5 4 2,410
0.30 0 30 50 16 4 2,073
0.40 0 30 38 28 4 1,731
0.50 0 30 25 20 25 1,323
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Figure 5.3. Sensitivity of spatial optimization model of the central marine region of Chile (scenario C [defined 
in Figure 5.2 legend]) to different market prices of loco at an abundance target (proportion of maximum 
species’ abundance) of 0.30: (a) loco $US0.75/individual and (b) loco $US1.50–4.50 (TURF, territorial user 
rights for fisheries; place names, fisher association locations). 

Changes to the enforcement cost parameter demonstrated that without an abundance 

target (Aprop = 0.00), the BCR of enforcement was >1 when the value of the 

enforcement cost multiplier was <11 (Figure 5.4). It was not until the enforcement cost 

multiplier equalled 11 that no area was allocated to the enforced TURF zone. These 

results demonstrate that enforcement costs must increase substantially before 

enforcement is no longer beneficial. 
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A sensitivity analysis of changes in catch levels showed that less area was allocated to 

the enforced TURF and no-take zones when the catch level in TURF zones was 

decreased and more area was allocated to the open access and enforced no-take zones. 

Details of the results of this analysis are in the Supporting Information.  

 

Figure 5.4. Spatially optimal allocation of area in the central marine region of Chile to open access and 
territorial user rights for fisheries (TURF) management zones and benefit:cost ratio of enforcement 
(proportion of maximum species abundance 0.00) for sensitivity analysis of the enforcement cost multiplier 
with all other variables held constant. 

5.5 Discussion  

We investigated the impact of enforcement and opportunity costs on optimal zoning of 

the Chilean central marine region. Enforcement of MPA status is necessary to achieve 

the ecological benefits of protection (Guidetti et al. 2008). Where no-take areas have 

been enforced, higher species abundance, biomass, and richness have been observed 

(e.g., Jennings et al. 1996; Samoilys et al. 2007; Pierpaolo et al. 2013). It is less clear 
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whether there are net economic benefits from enforcement: Maliao et al. (2004 p352) 

proposed that investment in enforcement was an “efficient and necessary use of funds.” 

Alder (1996) found that enforcement and education can significantly reduce the number 

of infringements in a marine park but did not comment on enforcement costs and 

benefits. We extended these works by estimating the net economic benefits of 

enforcement from the perspective of the fishing community. We found that enforcement 

of TURF and no-take zones resulted in substantially increased revenues for fishers and 

that economic benefits were much greater than enforcement costs (BCR > 5). This 

increase in revenue can be attributed to the increase in abundance when poaching is 

prevented. 

Fisheries theory (e.g., Cunningham 1981) demonstrates the potential for well-managed 

fisheries to be sustainable and maximise income for fishers without need for no-take 

areas. We found that the dominant zoning strategy to maximise fisher revenue with no 

conservation target was enforced TURF (scenarios B and C, Aprop 0.00). When 

conservation targets were introduced into the analyses (Aprop 0.10–0.50), area was also 

allocated to the no-take zone, indicating that the optimal strategy can include a mixture 

of multiple-use and conservation zones. This result is in line with other studies that 

showed that networks of no-take and managed fisheries are likely to be optimal for 

marine biodiversity and fisher livelihoods (Maliao et al. 2004; Claudet & Guidetti 

2010). 

Based on our results, one would expect fishers to enforce all TURF areas because this 

zone is an optimal zoning strategy even at high enforcement costs (Figure 5.4). 

However, this was not observed in practice. Fisher associations in the study area did not 
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enforce catch restrictions in those areas of their TURF system that were more costly to 

monitor. Possible explanations for this are that fishers may be underestimating the 

benefits of enforcement or may lack the capacity, authority, or structures needed to 

enforce all TURF areas. The majority of small-scale artisanal fishers cite enforcement 

as a major management cost that restricts their active management of areas far from a 

caleta (Gelcich et al. 2009, 2012). To encourage enforcement, temporary subsidies, or 

perhaps a training program, may be beneficial. 

When areas are not enforced, it is likely that catch limits are exceeded through poaching 

by locals. It is possible that poaching has some social benefits which have not yet been 

explored, for example, poaching can offer an alternative source of revenue in the event 

of job loss or an economic downturn (Béné et al. 2010). The benefits of poaching may 

influence community views toward poaching and limit the effectiveness of enforcement 

due to inability to identify and sanction poachers. However, poaching can also generate 

increased conflict in a community by weakening social bonds (Basurto et al. 2013). 

Further research into the social benefits and costs of poaching in non-enforced marine 

zones is needed. 

Several studies suggest that, to a point, management costs per unit area will decrease as 

the size of managed areas increase (Balmford et al. 2004; Ban et al. 2011). Our study 

area was small (typical TURF size was 136 ha) relative to the areas analysed in previous 

studies (e.g., the Coral Sea in Australia; Ban et al. 2011), and it is reasonable to assume 

that increasing marginal enforcement costs for more distant areas outweighs decreases 

in costs caused by efficiencies of scale when the size of a protected area increases. This 

is because local fishing communities have limited capacity to exploit efficiencies of 
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scale. Here we assumed that enforcement costs increase linearly with distance, but 

further work is underway to investigate the potential for a nonlinear relationship. 

A previous study on the design of marine reserves in the Philippines (Ban et al. 2009) 

included a proxy for enforcement costs of no-take areas. The authors explored how the 

spatial optimization model Marxan could assist in meeting conservation goals while 

minimising costs. By contrast, we accounted for the impact of enforcement on species 

abundance. This allowed us to identify zoning solutions which meet conservation 

targets and maximise fisher revenue based on potential productivity in the study area 

under different enforcement regimes. Furthermore, we considered the enforcement costs 

of TURF as well as no-take areas; this allowed the optimization model to minimise the 

management costs of both zones. 

Our results indicated that less area may be allocated to enforced TURFs when that zone 

is less profitable through decreases in the catch level (Supporting Information) or 

market price (Figure 5.3). Because Chile is one of the top 10 exporters of fish and 

fishery products in the world (FAO 2012), the Chilean market price for commercial 

species is affected by fluctuations in global and domestic demand. Consequently, it may 

be important to understand fishers’ risk management strategies in anticipation of such 

fluctuations. It is likely that community support for marine conservation will vary with 

species’ market prices. We found that when the abundance target was zero, which 

meant the only reason for having TURFs was for fisher revenues, no area was allocated 

to enforced TURFs at low loco prices (Supporting Information). When conservation 

targets were introduced, reliance on enforced TURFs increased but remained low under 

low loco prices. Regulators will thus need to account for the possibility of price 



Chapter 5. Paper 2 - Accounting for enforcement costs in the spatial allocation of marine zones 

106 

 

fluctuations and should preferably identify a spatial allocation of zones that is robust 

under a range of market prices. 

Our model did not include ecological processes of recruitment and spillover effects 

between zones. Because these processes are likely to increase the benefits of enforced-

TURF and no-take zones (Walmsley & White 2003; Russ & Alcala 2010), our estimates 

of benefits from marine management are likely to be conservative. The dominance of 

enforced TURF over TURF and open-access zones may consequently be understated. 

Incorporating recruitment and spillover processes in the model may also increase the 

selection of no-take zones. A second extension of the model could include habitat 

heterogeneity. Introducing habitat heterogeneity may alter the spatial allocation of 

zones, although the magnitude of such a change would depend on the magnitude of the 

heterogeneity in habitat condition. The study area is mainly composed of kelp-forest-

dominated ecosystems (Gelcich et al. 2012). Thus, although heterogeneity no doubt 

exists, we anticipate that it would not change the main conclusions. Further research is 

being undertaken in the study area to investigate habitat heterogeneity, which may also 

influence management decisions. Finally, we did not consider fishing costs. Inclusion of 

these costs would allow the relationship between resource abundance and fishing effort 

(Arreguín-Sánchez 1996) to be considered more explicitly. We would expect fishing 

costs to decrease with higher abundance and be lowest closer to caletas. This would 

favour selection of enforced TURF areas that are close to caletas, which would be 

consistent with our results. 

We found that existing management (scenario D) in the study area was less efficient 

than an optimal solution (scenario C): higher revenue was possible while meeting given 
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abundance targets (Aprop 0.10–0.40; Table 5.2). Other researchers have also reached 

this conclusion (Stewart & Possingham 2005; Tognelli et al. 2009). If the costs incurred 

to change zoning were incorporated in the model, it would be possible to assess whether 

there were net benefits from that change. 

Several authors have identified the need to include and understand the economic drivers 

of management costs when designing marine management (McClanahan 1999; Ban et 

al. 2011). Our model focused on the management cost of enforcement. By incorporating 

the impacts of distance on enforcement costs, the model minimised the costs of 

managed areas to marine stakeholders. It makes sense to situate managed areas in low-

cost enforcement bands given that enforcement costs are spatially determined and are 

considered significant by fishers and that enforcement will result in significant 

biological benefits and associated higher revenue. If community managed marine zones 

are envisaged though the assignment of TURF user rights, it is important to incorporate 

economic impacts on local communities into the analysis to improve model predictions 

of fisher behaviour. Nonfinancial costs and benefits of marine zoning, such as option, 

bequest, and existence values (Pendleton et al. 2007), are also likely to influence 

stakeholder support. 

We found that the net benefits from enforcement of marine zones were substantial. This 

conclusion was sensitive to market price fluctuations, but relatively robust to increasing 

enforcement costs. A key implication for marine managers is that demonstrating the 

benefits of enforcement to fishers and supporting enforcement activities are high 

priorities for the future.  
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Research Question 3: Given the demonstrated benefits of enforcement, why are 

artisanal fishers in Chile choosing not to fully enforce their marine user rights? 

In Chapter 7 I increase understanding of individuals’ preferences (artisanal fishers in 

central Chile) for the enforcement of spatial marine management. I also investigate how 

the benefits and costs of spatial management will influence artisanal fishers’ 

compliance, management and enforcement decisions. Knowledge of these preferences 

may help increase monitoring by fishers, and ultimately improve spatial marine 

management decisions. 

In Chapter 5 I demonstrated that there could be large net benefits to fisher revenue from 

enforcement. A key component of enforcement is monitoring. Fishers in Chile are 

responsible for monitoring their territorial user rights for fisheries (TURF) management 

areas. However, in Chile where the study was based, roughly one third of TURF 

management areas are not monitored by fishers (JC Castilla, personal communication; 

González Poblete et al. 2013). In Chapter 7 I investigate why this might be the case. 

Specifically, I use a best-worst scaling survey to investigate what is the most and least 

important reason why fishers in a study area in Chile may choose not to monitor their 

TURF management areas. 

Figure 6.1 shows which topics of the overall thesis theme are focused on in Chapter 7. 

In this chapter I focus on the spatial management preferences of individuals, specifically 

artisanal fishers (see Figure 6.1). I investigate the perceptions of fishers regarding the 

costs and benefits of monitoring; namely biological and associated market benefits from 

increased catch. I also explore how these preferences influence fishers’ compliance, 

management and enforcement decisions. These decisions include whether fishers 
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comply with total allowable catch limits, manage (extract resources) from TURF areas, 

enforce catch restrictions within their own organisation, and monitor their TURF area to 

deter poaching by fishers from outside their organisation. 

The research undertaken in Chapter 7 improves our understanding of the economic costs 

and benefits to fishers of monitoring marine zones. This may improve spatial 

management decisions by helping the Chilean government understand how to increase 

monitoring effort by fishers. This in turn could lead to biological, and hence 

productivity, gains for the marine environment and the artisanal fishing industry. 

 

Figure 6.1. Overview of topics covered in Chapter 7 (black text), in the context of the larger thesis theme 
(topics not covered are in lighter text).  
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7.1 Abstract 

Over-fishing is a global problem that damages the marine environment and 

compromises the long-term sustainability of fisheries. This damage can be mitigated by 

restricting catch or other activities which can occur in marine areas. However, such 

management is only effective when restrictions are enforced to ensure compliance. We 

expect fishers to help enforce restrictions when they have exclusive user rights and can 

capture the benefits of management. In a number of such cases, however, fisher 

participation in the enforcement of user rights is absent. In this analysis we used the 

central marine region of Chile as a case-study to investigate why fishers do not 

participate in enforcement even when they have exclusive territorial user rights for 

fisheries (TURFs). We used a best-worst scaling survey to assess why fishers would 

choose not to participate in enforcement through monitoring their TURF management 

areas, and what would help to increase their participation. We found that the main 

reason fishers do not monitor is because they consider government policing of marine 

areas and punishment of poachers to be ineffective. Increased and timely responsiveness 

by government when poachers are detected and more stringent penalisation of poachers 

may lead to greater involvement in enforcement by fishers. 

Key words: best-worst scaling; Chile; marine management; monitoring, small-scale 

fisheries; TURFs 

7.2 Introduction 

A 2014 report by the Food & Agriculture Organization stated that roughly one third of 

global marine fish stocks were overfished (FAO 2014). This report further estimated 
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that rebuilding overfished stocks could increase global fisheries production by 16.5 

million tonnes and annual rent by US$32 billion (FAO 2014). As well as increasing 

rents for fishers and the wider economy, better fisheries management could provide a 

range of additional benefits, including marine ecosystem conservation and the 

preservation of use and non-use values specific to marine and coastal zones (OECD 

2013).  

One way of managing fish stocks is to give fishers a stake in marine resources by 

establishing co-management systems, for example, by assigning territorial user rights 

for fisheries (TURFs) (FAO 2014; Wilen et al. 2012). Assigning user rights to fishers 

enables them to capture the benefits of sustainable management, which is expected to 

lead to more sustainable extraction behaviour and greater interest in the responsible use 

and management of the resource (FAO 2014; OECD 2013; Schlager and Ostrom 1992). 

Increasing fisher participation in management is also expected to lead to greater 

compliance with management restrictions (Hatcher et al. 2000). 

Despite transitions to co-management strategies, problems with illegal, unreported and 

unregulated (IUU) fishing continue around the world. IUU fishing has been described 

by the FAO (2014) as a “major global threat” to the sustainable management of 

fisheries, maintenance of productive and healthy ecosystems, and the socio-economic 

conditions of small-scale and artisanal fishing communities. Higher levels of IUU 

fishing are expected when fisheries are not managed effectively or when management 

regimes are poorly enforced (Gallic and Cox 2006).  

Enforcement occurs through monitoring to detect non-compliance with restrictions and 

through prosecution activities – apprehending infringers and, if appropriate, penalising 
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non-compliance (Anderson 1989). Different actors may perform each of these roles. For 

example, monitoring may be undertaken by a government agency or devolved to a non-

government agency or to resource users themselves. Prosecution activities are typically 

performed by the government or a government agency. The benefits of enforcement 

include greater abundance, size, and diversity of the biological resource (Gelcich et al. 

2012; Jennings et al. 1996; Samoilys et al. 2007). Under certain conditions these 

biological changes can translate into higher fisher revenue (Davis et al. 2015). With no 

enforcement, biological or economic benefits may be undermined by poaching (Byers 

and Noonburg 2007; Sethi and Hilborn 2008), or destroyed completely (Gibson et al. 

2005; Guidetti et al. 2008). 

Poaching of fisheries resources has been a problem in Chile (Gonzales et al. 2006) 

where overexploitation of benthic resources in the mid-1970s led to the adoption of a 

TURF co-management system in the early 1990s (Gelcich et al. 2008). Under the 

Chilean TURF system user rights are given to artisanal fisher organisations for the 

exploitation of benthic (bottom-dwelling) resources in geographically defined 

management areas (Castilla 2010). Involvement in the TURF program requires fisher 

organisations to comply with negotiated total allowable catch limits, undertake annual 

surveys of key stocks and bear all management costs. In particular, fisher organisations 

are responsible for all monitoring in their management area. They notify the Chilean 

government of any observed breaches, i.e. poaching activity. The government is 

responsible for apprehending and penalising poachers. Note that although fisher 

organisation’s main role in enforcement is to monitor their management area, they may 

also assume responsibility for poacher apprehension and penalisation where these are 
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directed at members of their own organisation. Since the introduction of the TURF 

program in Chile there has been widespread involvement by fisher organisations, with 

450 TURFs currently in active operation (SERNAPESCA 2015). 

Despite the introduction of co-management systems, poaching and illegal capture 

remain significant problems in Chile. Illegal catch of loco, Concholepas concholepas, 

the most economically important shellfish in Chile (Castilla 1997), is estimated to be as 

high as 50 per cent of total catch (Gonzales et al. 2006). When fishers monitor TURF 

areas to prevent poaching and illegal catch, these areas have higher species’ abundance, 

biomass and richness than areas which are not monitored (Gelcich et al. 2012). In 

addition to higher productivity, TURF areas which are monitored are also likely to 

generate higher revenues for fishers (Davis et al. 2015). In Chile, we could therefore 

expect fishers to monitor their TURF management areas. However, of the 450 active 

TURFs in Chile, roughly a third are not monitored by the responsible fisher 

organisation (González Poblete et al. 2013).  

Various potential explanations for poor enforcement have been identified in the 

literature. For example, although resource users have legal user rights in an area, they 

may face social costs from exercising those rights, such as alienation or ostracism by the 

local community. There is evidence that these social costs may be relevant in Chile, 

where fishers have commented that they do not want to denounce family members or 

neighbours for poaching (Bandin and Quiñones 2014). The decision not to participate in 

enforcement may relate to capacity issues, such as lack of time or financial resources 

(Jones 2001). Enforcement is a major cost of fisheries management: in OECD countries, 

US$ 752 million was spent on fisheries enforcement in 1997 - roughly 12 per cent of 
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total government financial transfers associated with fisheries policy (Wallis and Flaaten 

2001). Despite this expenditure, analysis of global marine management capacity by Rife 

et al. (2013) concluded that funding for enforcement is probably deficient in many 

cases. In Chile, enforcement costs have been found to be a major cost of TURF 

management (Gelcich et al. 2009). Effective enforcement may also be prevented by 

environmental factors. Monitoring of marine management areas can occur from the 

shore. However, not all coastal areas are accessible by vehicle, or have the infrastructure 

necessary to support shore-based enforcement activities (Lundquist and Granek 2005). 

In those cases, management areas may need to be enforced by boat which is costly. 

Along the extensive coastline of Chile, shore-based enforcement is very difficult 

(Castilla and Defeo 2001; Gelcich et al. 2009).  

There can be institutional or governance issues that prevent enforcement or reduce its 

effectiveness. Previous work on the management and monitoring of marine 

conservation projects concluded that government instability and insufficient 

government support may hamper enforcement efforts by fishers (Cudney-Bueno and 

Basurto 2009; Lundquist and Granek 2005). For example, fishers in Chile may enforce 

catch restrictions within their own organisation and monitor TURF management areas 

to detect poaching – actions which allow stock levels to increase – but ultimately they 

may be unable, or lack the authority, to prevent poachers from outside the organisation 

from entering the area and stealing stock.  

The objective of our study was to understand what factors have the greatest impacts on 

fishers’ decisions when choosing not to monitor their co-management areas. To achieve 

this objective we interviewed fishers who were part of the co-management TURF 
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program in the central marine region of Chile using a best-worst scaling (BWS) survey. 

A complementary analysis would be to investigate the effectiveness of government 

processes that support enforcement activities, but in this analysis we have focused on 

understanding fishers’ perspectives. We also explored what could be done to improve 

enforcement in the region. This understanding should help design policy incentives for 

increased monitoring for enforcement.  

In the next section we briefly describe the study area; this is followed by a description 

of the BWS methodology and survey. In the fourth section, we present the results of our 

survey and discrete choice models. A final section discusses the results and the 

implications of our work for future research and for policy making about marine co-

management areas. 

7.3 Study area 

The study area for this analysis is the central marine region of Chile (Figure 7.1). 

Within this region there are over 30 fisher organisations, although not all organisations 

are actively administered or currently fishing. Fisher organisations operate out of 

caletas ('fishing coves'); the coastal infrastructure where fishing activities occur. There 

can be more than one fisher organisation operating out of one caleta. For example, in 

the Las Cruces caleta, there is Las Cruces Hombres and Las Cruces Mujeres. We 

surveyed 10 organisations, from Los Molles in the north (32°24’S, 71°51’W) to 

Navidad in the south (33°94’S 71°85’W) (Figure 1). Each fisher organisation has 

between 12 and 60 members, and includes a management group composed of the 

president plus, for example, a treasurer, secretary, and/or a management area 
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coordinator. The management group is elected periodically by the organisation 

members.  
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Figure 7.1. Locations of caletas, navy bases, and offices of the fisheries service (SERNAPESCA), within the 
study area.  
Note: Two organisations operated out of caleta Las Cruces: Las Cruces Hombres and Las Cruces Mujeres. 
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7.4 Methods 

7.4.1 Best-worst scaling  

This study used a best-worst scaling (BWS) survey (Finn and Louviere 1992) directed 

at fishers in the case study region. BWS applications have principally been in the field 

of health economics (Flynn 2010; Lancsar et al. 2013). To date, there have been few 

BWS applications in an environmental economics context (Erdem et al. 2012; Rigby et 

al. 2015).  

A BWS survey contains a number of choice sets which require the respondent to choose 

the “best” and “worst” options from varying sets of three or more options (for an 

example, see Figure 7.2) (Finn and Louviere 1992). Respondents are assumed to choose 

the two options which they feel exhibit the largest perceptual difference on an 

underlying continuum of interest (Finn and Louviere 1992). Analysis of the choice data 

allows each option to be rank-ordered on a common scale and assessed on the basis of 

its relative importance (Marti 2012). The current analysis used a ‘case 1’ BWS; this 

case is used to value simple concepts or objects which are not described by a set of 

attributes (Flynn 2010). 
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What 
MOST 
affects 
your 

decision 

The decision not to monitor 

a management area 

What 
LEAST 
affects 
your 

decision 

✔ 1. We feel too uncomfortable monitoring 
or denouncing poachers 

 

 2. Government punishments for poachers 
are not effective 

 

 3. Monitoring represents a high personal risk 
for guards 

 

 4. The management area is too far 
from the caleta 

✔ 

Figure 7.2. Example of a best-worst scaling question from the current study.  
Note: This is an English translation of the Spanish original.  

BWS is well suited to investigate what artisanal fishers’ in Chile perceive as the most 

important reason not to monitor their TURF management areas, and how much less 

important other reasons are. One of the main benefits of BWS is that individuals are 

forced to discriminate between options (Louviere and Flynn 2010). This gives BWS an 

advantage over rating scales (e.g. Likert) where each option can be rated as equally 

important. The BWS choice task is less cognitively demanding for respondents than a 

single ranking task (Marti 2012; Potoglou et al. 2011); this was a key factor in our 

choice of methodology because artisanal fishers in Chile typically have low education 

levels. Low education levels and lack of internet access in the study area make it 

necessary to conduct face-to-face interviews. This necessity, in combination with the 
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fact that organisations are spread over a wide geographical area, increases survey 

expense and hence limits the population which can be sampled. Consequently, an 

important advantage for the present analysis is that BWS can deliver robust, policy-

relevant information on preferences with a relatively small sample size (Flynn et al. 

2008). In addition, non-parametric analysis of choice data can also be used as an 

approximate substitute for parametric analyses (where survey designs are orthogonal 

and balanced) (Finn and Louviere 1992; Flynn 2010) where there is a restricted sample 

size.  

7.4.2 Survey development and administration 

The purpose of this analysis was to investigate why artisanal fisher organisations, who 

are part of the co-management TURF program in Chile, may choose not to participate in 

the enforcement of their exclusive user rights. In particular, we wanted to identify the 

main reason fishers would choose not to monitor TURF management areas to detect 

poachers. Initial development of the survey was based on literature and expert 

knowledge, in particular identifying reasons fishers may choose not to monitor 

exclusive user rights. A pilot survey was conducted with six fishers from the El Quisco 

fisher organisation. The pilot tested whether survey wording was appropriate and 

understood by respondents, and whether we had included all the relevant reasons not to 

monitor in the BWS questions. The final survey was administered face-to-face with ten 

fisher organisations in central Chile (representing 48% of the active artisanal fisher 

organisations with TURFs in that region). Surveys were conducted with members of the 

organisation’s management group (the president, secretary and/or treasurer) and with 

other non-management members. The surveys were administered based on the 
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availability of fishers’ involved in the organisation, with five or six fishers in each 

organisation completing the survey.  

The final survey had three parts. Part 1 gathered information on the socio-economic 

characteristics of respondents including the role of the respondent within the 

organisation and what the respondent perceived were the benefits (if any) of monitoring 

and enforcement more generally. We also collected details regarding their organisation, 

for example, whether the organisation had problems with poaching. Part 2 described the 

BWS questions and context; these questions asked the respondent to choose the most 

and least important reasons not to monitor their TURF management area. The BWS 

component was constructed using a balanced incomplete block design (BIBD) (Cochran 

and Cox 1950). A BIBD ensures that the occurrence and co-occurrence of options is 

constant; this minimizes the chance of respondents making assumptions about the 

importance of options based on aspects of the survey design (Flynn and Marley 2014). 

Although the literature suggests that BWS is less cognitively demanding than other 

choice experiment tasks (Potoglou et al. 2011), in the pilot we observed that 

respondents showed signs of “survey fatigue” half-way through the BWS questions. 

Because of this we limited the number of possible reasons not to monitor to seven 

(Table 7.1), as including more options would increase the number of BWS questions 

considerably. Each respondent was presented with seven BWS questions, which each 

showed four options – reasons not to monitor. Each of the seven possible reasons not to 

monitor was replicated four times within the survey. In Part 3 we asked respondents 

what would assist their organisation to monitor – or what would improve their capacity 

to monitor. This question elicits fishers’ views about what would help their organisation 
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to monitor, rather than what most affects their personal motivation to monitor. [Why did 

we include them and why did we choose the 10 that we did?] 

A feature of working with artisanal fisher organisations in Chile is the limited size of 

the data sets available for analysis. Use of BWS allows estimation of respondents’ 

preferences even with small data sets, however, there are limits to what can be 

established econometrically when we seek to explain heterogeneity in preferences. 

Table 7.1. The seven reasons not to monitor that were tested in the best-worst scaling survey. 

Reasons not to monitor 

Government punishments for poachers are not effective 

We don’t have the capacity to monitor (for example, economic resources or time) 

Enforcement doesn’t help to improve the productivity of our main resources 

Monitoring represents a high personal risk for guards 

The price of our main resources is too low to justify monitoring 

We feel too uncomfortable monitoring or denouncing poachers 

The management area is too far from the caleta 

7.4.3 Analytical model 

Parametric analysis of the BWS survey data draws on Random Utility Theory to create 

a model which can compare the importance of options and predict how often an option 

will be picked over another (Flynn and Marley 2014; McFadden 1974). Respondents’ 

choice among options (in our study: reasons not to monitor), is modelled as a function 

of the characteristics of those reasons using a conditional logit model (Hoffman and 

Duncan 1988). When modelling heterogeneity using observable characteristics, utility is 

given by: 

𝑈 =  ∑ 𝛽𝑖𝑃𝑖
7
𝑖 +  ∑ ∑ 𝛽𝑖𝑠𝑃𝑖𝑋𝑠𝑠

7
𝑖 + 𝜀,               𝑖 = 1, … ,7  (1) 



Chapter 7. Paper 3 - Why are fishers not enforcing their marine user rights? 

131 

 

Where Pi are the reasons not to monitor, and 𝛽𝑖 is the parameter estimate for each 

reason i not to monitor. X are socio-economic characteristics s, and 𝛽𝑖𝑠 is the parameter 

estimate for each interaction term between reason not to monitor i with socio-economic 

characteristic s. The first two elements in equation 1 can be observed through 

respondents’ choices, while stochastic component 𝜀 is unobserved.  

To investigate whether observable characteristics could explain potential explanations 

for preference heterogeneity, we tested whether interactions between socio-economic 

characteristics and reasons not to monitor had significant marginal effects on choice 

probabilities. In the conditional logit model, the marginal effect of a change in a socio-

economic characteristic is not constant, but varies depending on the reference 

probability level. This test is conducted by calculating the marginal effects of each 

interaction term:  

𝛿𝜋𝑖

𝛿𝑥𝑠
=  �̅�𝑖(𝛽𝑖𝑠 − ∑ �̅�𝑗𝛽𝑗𝑠

7
𝑗 ), 𝑖, 𝑗 = 1, … ,7  (2) 

Where 𝜋∙ is the reference probability level, which we set as the sample mean probability 

of selecting reasons not to monitor, i or j, and 𝛽𝑗𝑠 is the parameter estimate for the 

interaction term for each reason not to monitor j, with each socio-economic 

characteristic s. 

A model which included all interaction terms with significant marginal effects was our 

base model. To test whether interaction terms were ‘needed’ in the final model we 

removed one interaction term at a time – using a log likelihood ratio test to assess 

whether the reduced model was significantly better than the base model. Where the log 
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likelihood of the new model was not significantly different (p<0.05), the relevant 

interaction term was removed from the model, otherwise it was retained.  

7.5 Results 

7.5.1 Socio-economic and organisation characteristics 

Of the 52 respondents, nine presidents were interviewed, 17 were other members of the 

management group, and 26 were non-management members of their fisher 

organisations. Ventanas was in the process of electing a new management group; as the 

new president had not yet been elected, the former president was interviewed and their 

position recorded as ‘other management’. The majority of respondents were male (81%) 

and between 45 and 65 years of age (70%) (Table 7.2 (a)). Most respondents (87%) had 

been with their organisation for more than 10 years, and had not previously been a 

member of another organisation. Over two-thirds of respondents (69%) stated that their 

organisation was actively monitoring one management area, while 9 respondents (17%) 

said that their organisation was not monitoring any area. Of these nine, four respondents 

were from Horcon, two were from Las Cruces Hombres, and one each from Navidad, 

Maitencillo, and Pichicuy. In a number of cases there was a discrepancy between the 

number of TURFs that respondents stated that their organisation had and the number of 

TURFs that the organisation had according to 2012 data from the Chilean fisheries 

department (SERNAPESCA 2015). Respondents to our survey identified only the 10 

active TURFs in the study area. However, according to fisheries data, the fisher 

organisations surveyed in the study area collectively have 17 TURFs. This indicates that 

instead of 83 per cent of the TURFs in the study area being enforced (Table 7.2 (a)), 

only just over half of the TURFs in the study area are being enforced.  
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Table 7.2. (a) Socio-economic characteristics of the sample (n=52); (b) Sample means for socio-economic 
interaction terms used in subsequent estimation of the conditional logit model reported in Table 7.5. 

(a) Gender % Age % 

Male 81 <25 2 

Female 19 25-34 0 

  

35-44 17 

  

45-54 33 

  

55-65 37 

  

>65 12 

    Years with current 
organisation %  

Previously member of other 
organisation %  

0-2 6 No 85 

3-5 6 Yes, 0-3 yrs 8 

6-10 2 Yes, 4-10 yrs 4 

>10 87 Yes, >10 yrs 4 

    Number of management 
areas % 

Number of management areas 
organisation is enforcing % 

1 69 0 17 

2 15 1 69 

3 15 2 13 

    
Position within organisation   

Percentage of organisations’ 
income from fishing activities   

President 17 <25% 51 

Other mgmt. 33 25-50% 10 

Member 50 50-75% 12 

    >75% 27 

    

(b) Socio economic characteristic/attitude (1=yes, 0=no) Mean 

Respondent has been with current organisation <10 years  0.13 

President 0.17 

Poaching within TURF management area by members of the organisation 0.42 

Enforcement doesn't increase population of main resources 0.18 

Organisation has managed TURF management area for <10 years 0.15 

Respondents were asked how much of their organisation’s income comes from fishing 

versus other activities. Data from this question is presented in (Table 7.2 (a)), however, 
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it was not always possible to determine whether fishers reported how much of their own 

income was from fishing – compared to their organisations’ income, or whether they 

accounted for seasonal variability in income. Importantly, research has shown that 

income sources vary at different scales (individual vs. organisational; Gelcich et al. 

2009) and through the different seasons (i.e. in summer tourism becomes important 

whereas in winter fishing is critical). The data suggests that organisations receive 

relatively low income from fishing, and supplement this income with income from other 

marine-related sources, for example tourism (including boat tours of the organisation’s 

management area) or renting beach-side parking spaces, beach facilities, etc. Despite 

organisations gaining relatively low income from fishing, the importance of fishing to 

individual members of the organisation is large, which provides an incentive for 

organisations to monitor. 

7.5.2 Model results 

7.5.3 The first step in our analysis was to estimate conditional logit models for both best 

and worst choices for each of the ten organisations. Several authors have suggested that 

there may be conditions under which the functional form of models of ‘best’ choices are 

different to models of ‘worst’ choices (Flynn and Marley 2014; Rigby et al. 2015). This 

inconsistency can be explained by a phenomenon known as positive-negative 

asymmetry; respondents give more consistent negative evaluations than positive 

evaluations (Czapiński and Lewicka 1979; Peeters and Czapinski 1990). At the sample 

level this difference may manifest itself as differences in the utility function governing 

best and worst choices. At the individual level we anticipate this phenomenon to 

express itself as respondents being more systematic when choosing the greatest barrier 
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to monitoring (their best choice), and less consistent when choosing the smallest barrier 

to monitoring (their worst choice). Consequently, we expected that best choices in our 

survey data would be different to worst choices. We tested this hypothesis using a log 

likelihood ratio test to analyse whether models of best and worst choices could be 

combined. Results showed that best and worst choice data could not be combined for 

six of the ten organisations (p<0.05). Although the combination of both best and worst 

choices can improve efficiency in identifying preferences, this is only the case if they 

are based on the same preference function. Given the results of our log likelihood 

testing, we could not combine best and worst choices and therefore used the best 

choices only. Further investigation into the causes of unstable preferences across best 

and worst decisions is warranted (Flynn and Marley 2014).  

The next step in our analysis was to examine count data for each organisation’s best 

choices (Table 7.3). These counts show that, in aggregate, respondents considered 

‘government punishments for poachers are not effective’ to be the most important 

reason not to monitor. ‘The management area is too far from the caleta’ was the least 

important reason. Another important reason not to monitor was a lack of capacity in the 

fisher organisation. However, at the organisation level there was considerable 

heterogeneity in responses as indicated by differences in group means for each reason 

not to monitor. 
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Table 7.3. Count data (%) for best choices for each organisation, reported as percentages to control for different numbers of individuals in each group. 

    

Ineffective 
government 
penalties for 

poachers 

Lack of 
capacity 

Enforcement 
doesn't 
improve 

productivity 

Personal 
risk 

Price of 
resources 

too low 

Not 
comfortable 
monitoring 

Management 
area too far 

away 

Group 1a Algarrobo 20 29 17 0 23 9 3 

 

El Quisco 19 17 21 14 21 7 0 

 

Horcon 11 20 9 6 11 23 20 

 

Navidad 23 11 11 17 17 11 9 

 

Las Cruces Hombres 14 23 9 26 9 17 3 

Group 1 mean 

 

18 20 13 13 16 13 7 

         Group 2a Los Molles 31 9 20 17 11 11 0 

 

Maitencillo 37 17 17 9 6 14 0 

 

Pichicuy 29 9 17 29 3 11 3 

 

Ventanas 43 17 5 17 5 14 0 

Group 2 mean 

 

35 13 15 18 6 13 1 

         Group 3a Las Cruces Mujeres 14 31 29 6 17 3 0 

         

 Total 24 18 15 14 12 12 4 

aGroup 1 is composed of fisher organisations Algarrobo, El Quisco, Horcon, Navidad, and Las Cruces Hombres; Group 2 of Los Molles, Maitencillo, Pichicuy and Ventanas; and 
Group 3 of Las Cruces Mujeres. 
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Initial evaluation of the best count data suggested that organisations could be 

aggregated into three groups based on their choices. Group 1 was composed of the 

organisations: Algarrobo, El Quisco, Horcon, Navidad, and Las Cruces Hombres. This 

group tended to place a low weight on ‘the management area is too far from the caleta,’ 

and relatively uniform weights on the other reasons (although Algarrobo was notable in 

never selecting ‘monitoring represents a high personal risk for guards’). Group 2 was 

composed of Los Molles, Maitencillo, Pichicuy, and Ventanas. They also placed a very 

low weight on ‘the management area is too far from the caleta’, but consistently 

weighted ‘government punishments for poachers are not effective’ above the other 

options. Group 3 had only one organisation: Las Cruces Mujeres, an all-female 

organisation. Although there were only five respondents in this final group, analysis of 

the best count data confirmed that their preferences were internally consistent; placing 

higher weights on ‘enforcement doesn’t help to improve the productivity our main 

resources’ and lack of capacity as major reasons not to monitor. 

We tested whether the choice data could be combined in these three groups by 

estimating a conditional logit model3 on the best choice data for each of the three groups 

(Table 7.4). We then compared the log likelihood of these three models to the sum of 

the log likelihoods of the organisations when estimated individually. The results support 

the aggregation of organisations into Groups 1 and 2 (p=0.45 and p=0.11, respectively). 

A further log likelihood ratio test rejected a single aggregate model in which data from 

                                                 
3 Estimation of latent class models results in predicted membership of classes that is difficult to interpret 

on the basis of individuals’ characteristics and are not reported here; the small sample size may limit the 

ability to estimate robust latent classes. 
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all three groups was combined (p<0.001). This aggregate model is reported in Table 7.4, 

and represents the mean preference across the whole sample. It shows similar 

preference ordering as the count method; ineffective government penalties for poaching 

was most important in fisher organisations’ decision not to monitor and ‘the 

management area is too far from the caleta’ was the least important reason. 
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Table 7.4. Results from conditional logit models for the most important reason not to monitor TURF management areas (best choices). Preferences are relative to the option: 
ineffective government penalties for poachers. Aggregated model shows sample preferences (n=52). Groups 1, 2 & 3: show preference for each group (n=26, 21, and 5 
respectively). 

  Group 1b Group 2b Group 3b Aggregated 

Reasons not to monitor Coeff. SE Coeff. SE Coeff. SE Coeff. SE 

Ineffective government penalties for poachersa 0.00 
 

 

0.00 
 

 

0.00 
 

 

0.00 
 

 Lack of capacity 0.15 
 

0.27 -1.45 *** 0.32 1.50 *** 0.75 -0.39 *** 0.18 

Enforcement doesn't improve productivity -0.28 
 

0.29 -1.24 *** 0.30 1.36 *** 0.75 -0.58 *** 0.19 

Personal risk -0.10 
 

0.30 -1.01 *** 0.29 -0.94 
 

0.84 -0.69 *** 0.19 

Not comfortable monitoring -0.32 
 

0.29 -1.45 *** 0.32 -1.64 
 

1.10 -0.85 *** 0.20 

Price of resources too low -0.08 
 

0.28 -2.29 *** 0.40 0.75 
 

0.78 -0.85 *** 0.20 

Management area too far away -1.08 *** 0.35 -4.50 *** 1.02 -16.12 c 1385.16 -2.15 *** 0.31 

Algarrobo x personal risk  -14.30 c 461.35                   

Model statistics 

       
 

    Number of observations 182 

  

147 

  

35 
 

 

364 

  Log likelihood -238.02 

  

-158.30 

  

-32.51 

  

-465.17 

  Pseudo R2 0.06     0.22     0.33     0.08     

aReference case.  
*p < .01; **p<0.05, ***p<0.01 
bGroup 1 is composed of fisher organisations Algarrobo, El Quisco, Horcon, Navidad, and Las Cruces Hombres; Group 2 of Los Molles, Maitencillo, Pichicuy and Ventanas; and 
Group 3 of Las Cruces Mujeres.  
cThese are two occasions when a reason is never selected as best. In these cases the conditional logit model can exactly identify this behaviour by assigning any sufficiently large 
negative coefficient to that reason. The standard error of these coefficients consequently becomes large, as any large negative value will ensure that the predicted probability 
approximates zero – there is consequently very poor precision in the estimation of this value. This is equivalent to dropping this set of observations from the data, which would 
leave log likelihood and parameter values unchanged.
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When estimating conditional logit models on the best choice data for each of the three 

groups (Table 7.4), ‘government punishments for poachers are not effective’ was set as 

the reference option against which the importance of all other options was assessed. A 

positive coefficient indicates that fishers considered an option more important in the 

decision not to monitor than this reference option; a negative coefficient indicates that 

the opposite was true. Results for these models are very similar to results from the best 

count data. Group 1 has a simple preference structure: ‘the management area is too far 

from the caleta’ is the least preferred option, while there is no significant difference 

between the other alternatives (p=0.55). The only exception within Group 1 is the 

Algarrobo organisation, whose members are unique in never selecting ‘monitoring 

represents a high personal risk for guards’ as the most important reason not to monitor.  

For Group 2, all options were less important than ineffective government penalties for 

poachers. The coefficients on reasons: lack of capacity, enforcement doesn’t improve 

productivity, personal risk, and ‘we feel too uncomfortable monitoring or denouncing 

poachers’ are not significantly different (p=0.56). ‘The price of our main resources is 

too low to justify monitoring’ and ‘the management area is too far from the caleta’ are 

significantly less important than other reasons.  

Group 3 (Las Cruces Mujeres) had a different preference structure compared to the 

other groups. Lack of capacity, followed by ‘enforcement doesn’t help to improve the 

productivity of our main resources,’ were the most important reasons not to monitor. 

The other reasons not to monitor were ranked equally – with the exception of ‘the 

management area is too far from the caleta’ which was never selected by this group as 

the most important reason not to monitor.  
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We can explain heterogeneity in respondents’ preferences by identifying differences 

between groups of organisations in the study region. An alternative approach to this 

grouping of organisations is to investigate whether there are significant interactions 

between individual’s socio-economic characteristics and choice of reasons not to 

monitor. When we evaluated the marginal effects of interaction terms, we found that 

several of these were significant (p<0.05) (terms with significant marginal effects are 

reported in Table 7.2 (b)). A final conditional logit model estimated using these 

interactions is reported in Table 7.5 (terms which did not have significant marginal 

effects are not reported). Note that the socio-economic variables are defined so that the 

baseline (upper panel) represents the majority of the sample (Table 7.2 (b)) and as a 

result these have similar preference rankings to the aggregated best choice conditional 

logit model (Table 7.4).  

The coefficients on the interaction terms are interpreted as an increase or decrease in 

preference for a reason not to monitor specific to that group of respondents. For 

example, respondents who had been with their organisation for less than 10 years (13% 

of respondents) were more likely to think that feeling uncomfortable when monitoring 

or personal risk were good reasons not to monitor. Also, respondents who indicated that 

their organisation had managed a TURF management area for less than 10 years 

(respondents from Las Cruces Mujeres, see Appendix II.ii) were more likely to think 

that ‘enforcement doesn’t help to improve the productivity of our main resources’ and 

lack of capacity were good reasons not to monitor. This finding is consistent with the 

results of the conditional logit model for Las Cruces Mujeres (Table 7.4, Group 3). The 

findings of the two different models: those for groups, and the present model with 
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significant interaction terms, provide similar explanations for heterogeneity in 

respondents’ preferences. Theoretically, combining the socio-economic interaction 

terms into the group models would have allowed for a finer disaggregation of 

heterogeneity into factors that are individual- and group-specific. However, it was not 

possible to combine the socio-economic interaction terms into the group models as the 

subsets of data were too small. 
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Table 7.5. Conditional logit model with interaction terms describing socio-economic characteristics and reasons not to monitor. Note that only interaction terms with 
significant marginal effects are reported. 

Reasons not to monitor   Coeff.   SE 

Ineffective government penalties for poachers 

 

0.00 

  Lack of capacity 

 

-0.60 *** 0.20 

Personal risk 

 

-0.91 *** 0.21 

Enforcement doesn't improve productivity 

 

-1.07 *** 0.23 

Not comfortable monitoring 

 

-1.36 *** 0.25 

Management area too far away 

 

-1.43 ** 0.59 

Price of resources too low   -1.59 *** 0.31 

Enforcement doesn't improve productivity  * Enforcement doesn't increase population of main resources 1.13 *** 0.42 

Enforcement doesn't improve productivity * Managed a management area for <10 years 1.23 *** 0.44 

Lack of capacity  * Managed a management area for <10 years 1.24 *** 0.43 

Not comfortable monitoring  * Enforcement doesn't increase population of main resources 1.44 *** 0.43 

Not comfortable monitoring  * <10 years with current organisation 1.48 *** 0.47 

Price of resources too low  * Poaching by members of the organisation 1.40 *** 0.37 

Personal risk  * <10 years with current organisation 1.45 *** 0.46 

Management area too far away  * Enforcement doesn't increase population of main resources 1.69 ** 0.67 

Management area too far away  * President 1.83 *** 0.66 

Model statistics 

    Number of observations 

 

357 

  Log likelihood 

 

-420.07 

  Pseudo R2   0.15     
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7.5.4 What would help monitoring? 

The BWS analysis identified reasons for not monitoring. In the survey we also asked 

respondents what they thought would help their organisation monitor their TURF 

management areas. This question presented 10 possible factors that could assist with 

monitoring, from which respondents were asked to identify the three most important. 

Respondents said that financial assistance would most help their organisation to 

increase its monitoring capacity (Figure 7.3). This factor was most frequently selected 

by respondents from Groups 1 and 3 (Table 7.6). More support for monitoring by 

organisation members, and the development of monitoring technology were also 

identified as important factors that would help organisations to monitor. More support 

for monitoring from within the fisher organisation would mean more fishers within the 

organisation would participate in monitoring activities, i.e. take a turn on monitoring 

duty, or contribute financially to the cost of hiring guards. New monitoring technology 

might include security cameras with the range and resolution to pick up movement at 

sea, or buoys with cameras which could identify intrusions and send signals directly to 

the organisation’s authorities.  

When asked what would help their organisation monitor their TURF areas, only 12 per 

cent of fishers identified that ‘providing information about the benefits of monitoring’ 

would help. Either fishers are mistrustful of outsiders’ advice on this issue, or are aware 

of the benefits that monitoring can have, but consider that other constraints to 

monitoring capacity are more important. Respondents did not think that having more 

fishers in their organisation would help them monitor. 
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In the BWS questions, the option that received the highest score was ‘government 

punishments for poachers are not effective’ (Table 7.4). In these BWS questions, we 

asked respondents for their personal motivation for not monitoring. Interestingly, when 

we asked respondents what would help their organisation monitor TURF areas (Figure 

7.3/Table 7.6), ‘stricter sanctions’ or ‘help detaining poachers’ were not identified by 

fishers as important factors. While this may appear inconsistent with the BWS results, 

the response reflects fishers’ views about what would help their organisation to monitor 

(rather than personal motivation). It may be the case that fishers deem the existing 

sanctions to be sufficient, and that therefore stricter sanctions would not help their 

organisation to monitor TURF areas. Rather, the problem appears to be related to the 

enforcement of those sanctions – which is a typical issue in many developing country 

contexts where the political will to enforce may be lacking, or budgets for protecting 

natural resources may be limited (Robinson et al. 2010). 
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Figure 7.3. What fishers thought would help their organisation to monitor. Vertical axis describes the 
proportion of respondents (%) who indicated that a given factor would help their organisation to monitor. 
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Table 7.6. Factors that would help organisations enforce their TURF management area: mean values across sample (aggregated), and for each group. 

  Means  

  Aggregated   Group 1a Group 2 a Group 3 a 

Financial assistance 0.62 
 

0.73 0.48 0.60 

Help detaining poachers 0.33 
 

0.35 0.29 0.40 

Stricter sanctions for poachers 0.40 
 

0.42 0.43 0.20 

Information on how to prevent poaching 0.21 
 

0.23 0.14 0.40 

Information on the benefits of enforcement  0.12 
 

0.12 0.14 0.00 

An enforcement boat 0.21 
 

0.19 0.24 0.20 

More fishers in the organisation 0.04 
 

0.08 0.00 0.00 

More support for enforcement from within the organisation 0.50 
 

0.46 0.52 0.60 

Improvement in enforcement technology 0.46 
 

0.35 0.57 0.60 

Improvement in the price of main resources 0.21   0.31 0.14 0.00 

aGroup 1 is composed of fisher organisations Algarrobo, El Quisco, Horcon, Navidad, and Las Cruces Hombres; Group 2 of Los Molles, Maitencillo, Pichicuy and Ventanas; and 
Group 3 of Las Cruces Mujeres.
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7.6 Discussion 

We investigated why artisanal fisher organisations in Chile may choose not to monitor 

violations of their exclusive user rights, despite evidence that enforcement (of which 

monitoring is a key component) can provide fishers with net benefits (Davis et al. 

2015). Various potential explanations for poor enforcement were identified in the 

literature, including institutional or governance issues (Lundquist and Granek 2005), 

social costs (Bandin and Quiñones 2014), capacity issues (Rife et al. 2013), and 

environmental factors (Gelcich et al. 2009). Our results identified ineffective 

government punishments for poaching as the most important reason why fishers choose 

not to monitor their TURF management areas. These findings are consistent with 

previous work investigating fishers’ perceptions of the management of TURF areas in 

Chile (Bandin and Quiñones 2014; Gelcich et al. 2009).  

Qualitative responses and informal discussion with fishers during the face-to-face 

surveys suggested that the judicial process in Chile does not sufficiently recognise the 

negative impacts of poaching, and that punishments are not sufficiently severe to deter 

poachers. Fishers also complained that government institutions, such as the navy or 

fisheries service, do not always respond to their distress calls when they detect poachers 

in their management areas. Although the co-management system in Chile requires fisher 

organisations to monitor their TURF management areas to detect poaching, it is the 

responsibility of government organisations (the navy and fisheries service) to apprehend 

and penalise poachers. Lack of sufficient legal deterrent for poaching and/or effective 

apprehension and penalisation of poachers decreases the expected costs of illegal, 

unreported, and unregulated (IUU) fishing, which may lead to increased IUU activities 



Chapter 7. Paper 3 - Why are fishers not enforcing their marine user rights? 

149 

 

(Gallic and Cox 2006). These results suggest that the problem with enforcement in the 

central marine region of Chile is primarily one of governance: fishers may choose not to 

participate in enforcement activities because they think that the Chilean government 

does not provide sufficient legal deterrent for poaching and/or effectively apprehend 

and penalise poachers. This implies that if governments were to increase enforcement 

activities, then fishers would also be more likely to engage in enforcement – leading to 

a positive enforcement-feedback loop.  

The need for government assistance to manage resources effectively has been observed 

in other parts of the world. Cudney-Bueno and Basurto (2009) studied the ability of a 

fishing community in Mexico to manage communal resources. They found that 

community-based management could be very successful in the short term, but that lack 

of government support or formal recognition of management structures compromised 

the long term viability of the system. This is similar to what is observed in Chile; 

organisations can enforce use restrictions within their own organisation, but may be 

unable to stop outsiders without government support. Further linkages between 

government instability (particularly in developing countries) and shortcomings in 

management (particularly in enforcement activities) have been identified by Lundquist 

and Granek (2005).  

Government support for enforcement activities is considered necessary to legitimise 

user rights in co-management systems (Kalikoski et al. 2002; McClanahan et al. 1997; 

Pomeroy and Berkes 1997; Ruddle 1998). In her eight principles for managing a 

commons, Ostrom (2005) highlights the need for the rule-making rights of community 

members to be respected by outside authorities. Where government institutions are 
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weak, community-based enforcement may still be possible in management systems 

where traditional authority remains strong, which is the case in some fisheries in Palau 

or in American Samoa (Ruddle 1998). However, the success of community-based 

enforcement can also be influenced by strategic behaviour from enforcement agents. For 

example, in community-based forestry management in Tanzania, forest patrollers 

receive a share of fine revenue and therefore have an economic incentive to encourage 

some level of illegal behaviour (Robinson and Lokina 2012). We envision that research 

which links enforcement and corruption is an interesting area which should be explored 

further in TURF contexts. 

There was heterogeneity in what organisations thought was the most important reason 

not to monitor their TURF management areas. Analysis of the BWS preference data 

revealed that groups of organisations shared similar preferences; this may be because 

organisations within each group share a world view, or adopt similar discourses – 

described as ways of interpreting or comprehending the world – to achieve help for 

enforcement (Gelcich et al. 2005). Groupings aligned very closely with a recent 

disaggregation of the Federacion de Sindicatos de Trabajadores Pescadores Artesanales 

V Region into separate northern and southern federations (O'Ryan 2014). In this 

analysis, Group 1 is almost exclusively comprised of organisations from the Southern 

Federation, and Group 2 from the northern. Exceptions are Horcon and Navidad. The 

first of these abstained from membership of the Northern Federation, and recent work 

indicates they have no interactions with other northern organisations (O'Ryan 2014). 

This may explain why their preferences differed to those of Group 2. Navidad is located 

in the south of the study area, but is not part of the Southern Federation. Results show 
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that they share similar preferences with Group 1. The only organisation in Group 3 is 

Las Cruces Mujeres which, although part of the Southern Federation, is a unique 

organisation being entirely composed of women. All three groups were consistent in 

thinking that ‘the management area is too far from the caleta’ did not affect their 

decision not to monitor. However, each group had different preferences regarding the 

most important reason.  

Ineffective government penalties for poaching significantly influenced Group 2 but not 

Group 1. This difference may be explained by the presence of Chilean navy bases and 

fisheries service offices in Valparaiso and San Antonio (Figure 7.1): locations which are 

close to Group 1 organisations, but further from Group 2. Organisations in Group 1 may 

thus enjoy a higher government agency presence than Group 2. Group 2 also indicated 

that the price of resources does not influence their decision not to monitor. The presence 

of high-end tourism in this northern region, and correspondingly higher prices for 

seafood than in the south, may explain this view.  

Las Cruces Mujeres (Group 3) identified lack of capacity as the most important reason 

not to monitor. We expect this organisation to have a lower capacity to monitor than 

others because the majority of members do not own fishing boats and have alternative 

off-sector employment; to monitor their management area Las Cruces Mujeres must 

contract guards from outside the organisation. Respondents from this organisation also 

indicated that they would choose not to monitor because ‘the price of our main 

resources is too low to justify monitoring’ and ‘enforcement doesn’t help to improve the 

productivity of our main resources’. Two characteristics of the organisation might 

explain these attitudes. First, the organisation’s principal reason for having a TURF 
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management area is to provide seafood, or benthic resources, for community events 

which the organisation runs. This activity provides the organisation with a sporadic 

income from the TURF, and means they are less affected by market prices. Second, 

respondents indicated that their organisation had managed their TURF management area 

for less than ten years. Environmental awareness and sustainable behaviours (such as 

investing in enforcement) are expected to increase with time engaged in the TURF 

program (Gelcich et al. 2008).  

Across the sample, fishers identified financial assistance as an important factor that 

would help their organisation’s capacity to monitor. Although direct subsidies for 

fishing may encourage unsustainable extraction (OECD 2006; Sumaila et al. 2010), in 

this analysis we are discussing subsidies for enforcement which are considered by some 

to be beneficial and even necessary (Milazzo 1998; OECD 2006; Sumaila and Delagran 

2010; Sumaila et al. 2010). Fisher organisations in Chile are not wealthy, and additional 

financial resources would undoubtedly remove some constraint to their productive 

capacity. However, in the BWS questions, respondents did not identify lack of capacity 

(financial resources or time) as a reason not to monitor TURF management areas. These 

results suggest that extra financial resources might affect organisations’ capacity to 

monitor, but not their willingness. Therefore, even if organisation’s financial resources 

were to increase, perhaps through government subsidies, they still might choose not to 

monitor. Our results are consistent with the finding by Rife et al. (2013) that lack of 

enforcement is not caused by lack of funding. 

In this analysis we assessed how the distance between an area and a caleta may 

influence the decision of fisher organisations’ not to monitor their management areas. In 
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Chile one would expect that areas further from a caleta would be monitored less than 

closer areas. This is what we observe in the study area; Presidents of El Quisco, Las 

Cruces Hombres, Navidad, Maitencillo and Algarrobo, which have more than one 

TURF management area, reported that their organisations generally do not monitor the 

area which is furthest away. However, amongst the seven reasons not to monitor that 

were presented in the BWS questions, fishers indicated that distance between a 

management area and their caleta had the least effect on their decision not to monitor. 

We can surmise that although distance is not what most affects this decision, more 

distant areas may be more difficult to monitor. Hence when other factors present a 

barrier or reason not to monitor, then organisations stop monitoring more distant areas 

first. Additional research could more fully investigate this issue by ascertaining what 

affects the relative ease or cost of monitoring areas which are closer or further from 

caletas.  

We found BWS worked well in our research context: identifying the most important 

reason not to monitor TURF management areas in the central marine region of Chile. 

Respondents were generally positive about the BWS choice task, although we observed 

that respondents from the organisation’s management group appeared to understand the 

BWS questions more quickly than non-management respondents. We expect managers 

to have higher education levels, which may explain this difference. Based on our 

experience we suggest that BWS is likely to be a good methodology to investigate 

fisheries related issues; particularly in areas where sample sizes are likely to be 

constrained, and respondents have variable education levels. The BWS questions 

required less time, and presented a lower cognitive burden for respondents than tasks 
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which would require all options to be ranked, or more complex choice experiments. We 

recommend that future researchers using this method in a study context where lower 

education levels are expected should conduct surveys face-to-face, as this interaction 

allows the BWS questions to be clarified if respondents have questions.  

In our analysis we found that best choices were answered differently to worst choices, a 

phenomenon explained in the psychology literature as positive-negative asymmetry 

(Czapiński and Lewicka 1979; Peeters and Czapinski 1990). This difference in the way 

that best and worst questions are answered warrants consideration when conducting 

BWS surveys. In particular, it highlights the need for more research on the reasons why 

respondents may evaluate best and worst choices differently, and new ways of 

combining these choices where they are different. Additional analysis of BWS data 

could be conducted using scale-adjusted latent class models. These models may be able 

to identify further sources of heterogeneity amongst respondents; for example, groups 

of respondents who may be more or less systematic in identifying their best and/or 

worst choices. This has relevance given that we expect respondents to be less systematic 

when identifying their worst choices. 

7.6.1.1 Conclusions 

Our analysis found that the main reason artisanal fishers in Chile do not participate in 

enforcement through monitoring their TURF management areas, is because the 

government does not effectively apprehend or penalise poachers. Increased and timely 

responsiveness by government agencies when poachers are detected, and more stringent 

penalisation of poachers, may lead to greater involvement in enforcement by fishers. 

This understanding should help design policy incentives for increased monitoring for 
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enforcement – lack of which is a global problem. Increasing enforcement is expected to 

bring environmental benefits, and may also increase fishers’ revenue. Increasing fishers’ 

participation in enforcement may therefore increase the capacity of marine managers to 

manage marine resources sustainably, while improving the livelihoods of artisanal 

fishers and other industries reliant on these resources. 
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Research question addressed: How does choice inconsistency (scale heterogeneity) 

affect interpretation of preferences in discrete choice experiments? 

The following chapter (Chapter 9) does not deal with topics specific to spatial marine 

management. Instead it arose from analysis undertaken for Chapter 7, which uncovered 

a methodological issue with the analysis of discrete choice data. Chapter 9 is a 

methodological chapter which adds to the theoretical foundations of discrete choice 

experiments (DCEs). It grew to become a significant part of the PhD work, and is 

included as a methodological issue to which I have made a significant contribution. The 

results from Chapter 9 have relevance for the interpretation of results from Chapter 7. 

These implications will not be discussed in Chapter 9 (Paper 4) as it is a stand-alone 

publication. Instead, insights from Chapter 9 regarding how the interpretation of marine 

stakeholders’ preferences might be improved, with particular relevance for Chapter 7, 

will be discussed in Chapter 10 (Discussion). 

In Chapter 3 and Chapter 7 I discussed non-market values for marine resources as well 

as stakeholders’ preferences for marine management. I identified that DCEs are a 

common method to explore preferences, and a DCE was employed in Chapter 7 to 

investigate the preferences of artisanal fishers in Chile regarding monitoring of their 

territorial user rights for fisheries management areas. During the analysis for Chapter 7 

we observed that error variance was not constant between best and worst questions: 

respondents were more consistent when making their “best” choices relative to their 

“worst” choices. However, we could model best and worst choices together by using a 

heteroscedastic conditional logit model, namely a scale heterogeneity model. Scale 

heterogeneity models estimate common marginal utilities for two or more groups (in 

this case best and worst choices), but allow marginal utilities to be adjusted by a scale 



Chapter 8. Scale heterogeneity in discrete choice models 

163 

 

term. Through our analysis, we found that there could be interpretation errors when the 

impact of this scale term on the preferences of different groups was not explicitly 

analysed. We hypothesized that this interpretation problem could also arise in other 

scale-heterogeneity models such as scale adjusted latent class (SALC) models.  

In Chapter 9 I explore scale heterogeneity (error variance) in individuals’ choices, and 

how it might impact researchers’ ability to accurately interpret the preferences of 

individuals (Figure 8.1). This chapter thus adds to the growing body of knowledge 

about modelling individual heterogeneity in DCEs. Improving the ability to accurately 

analyse and interpret data from discrete choice experiments can improve understanding 

of stakeholders’ preferences for spatial marine management.  

 

Figure 8.1. Overview of topics covered in Chapter 9 (black text), in the context of the larger thesis theme 
(topics not covered are in lighter text).  
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9.1 Abstract 

Models to analyse discrete choice data that account for heterogeneity in error variance 

(scale) across respondents are increasingly common, e.g. heteroscedastic conditional 

logit or scale adjusted latent class models. In this paper we do not question the need to 

allow for scale heterogeneity. Rather, we examine the interpretation of results from 

these models. We provide five empirical examples using discrete choice experiments, 

analysed using conditional logit, heteroscedastic conditional logit, or scale adjusted 

latent class models. We show that analysts may incorrectly conclude that preferences 

are consistent across respondents even if they are not, or that classes of respondents may 

have (in)significant preferences for some or all attributes of the experiment, when they 

do not. We recommend that future studies employing scale heterogeneity models 

explicitly state scale factors for all samples, choice contexts, and/or latent scale classes, 

and report rescaled preference parameters for each of these groups. 

Key words: Discrete choice experiments, heteroscedastic conditional logit models, 

scale adjusted latent class models, interpretation of preferences, best-practice reporting 

9.2 Introduction 

In the discrete choice experiment (Carson and Louviere 2011) literature it is 

increasingly common to use models which account for heterogeneity in error variance. 

However, there is a potential issue in the way that results from these models are 

reported and interpreted. This paper empirically identifies this problem and makes 

recommendations for best-practice reporting of models which allow for heterogeneity in 

error variance. Discrete choice experiments are used to investigate preferences. They 
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are particularly useful when eliciting preferences for non-market goods, prospective 

market goods, or policies which have not yet been implemented. In a discrete choice 

experiment an individual is asked to choose between different alternatives which are 

described by attributes (Adamowicz et al. 1998; Swait and Louviere 1993). Choices are 

then analysed to deconstruct respondents’ preferences based on the attributes of the 

alternatives that they have chosen.  

An identified problem with discrete choice experiments is the need to account for 

heterogeneity when analysing data (Louviere and Eagle 2006). There are two main 

sources of heterogeneity in discrete choice data. The first is in preferences: groups of 

respondents like or dislike different alternatives in a systematic and quantifiable way. 

This systematic component of an individual’s utility may be observed through the 

characteristics of the alternatives and of the individual. Discrete choice experiments aim 

to measure this preference heterogeneity so that individuals’ preferences for policy 

options or consumer goods can be interpreted in a meaningful way. There has been 

substantial research effort devoted to estimating heterogeneity in preferences (for 

example, Birol et al. 2006; Kragt and Bennett 2011; McFadden and Train 2000). The 

second source of heterogeneity in discrete choice data is due to heterogeneity in the 

variance of the error process. Error variance is thought to vary systematically in 

response to task complexity and the number of choice alternatives or attribute 

differences (Hensher et al. 1999; Louviere and Eagle 2006).  

To identify heterogeneity in preferences we can use random parameter or latent class 

models. In the former, taste variation amongst individuals is explicitly treated by 

allowing explanatory variables to vary over individuals (Carlsson et al. 2003; Train 
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1998). The latter identifies whether groups or classes of respondents share similar 

preferences (Burton and Rigby 2009). However, both of these models (and all other 

statistical models in which the dependent variable is latent) will confound estimates of 

model parameters with error variance (Louviere and Eagle 2006), and hence confound 

heterogeneity in preferences with heterogeneity in error variance. If error variance is not 

constant across individuals, then marginal utility estimates which do not account for this 

variation will be incorrect (Louviere et al. 2002). This implies a need for models which 

can separate heterogeneity in preference from heterogeneity in error variance so that 

accurate conclusions about people’s preferences can be drawn. 

In response to this need, a number of models that can accommodate heterogeneity in 

error variance have been developed. If two groups of respondents have the same 

underlying preference parameters, but differ in error variance, heteroscedastic 

conditional logit (HCL) models can be estimated (Hensher et al. 1999; Hole 2006). 

Sources of error heterogeneity in these models can include individual or choice task 

characteristics (Swait and Adamowicz 2001). Other ways of accounting for 

heterogeneity in error variance include the use of the generalized multinomial logit (G-

MNL) model (Fiebig et al. 2010); models for single persons (Louviere et al. 2008); and 

models that decompose random components (Burke and Reitzig 2007). However, in the 

context of G-MNL, Hess and Rose (2012) warn that even if heterogeneity in both scale 

and preferences is explicitly modelled, identification may still be an issue. This means 

that what may be attributed to heterogeneity in scale may be indistinguishable from 

heterogeneity in preferences.  
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Other models that can account for heterogeneity in error variance are ‘scale extended’ 

or ‘scale adjusted’ latent class (SALC) models (Magidson and Vermunt 2007). These 

models remain a relatively new area of research but feature in an increasing number of 

studies including Burke et al. (2010); Rigby et al. (2015); and Thiene et al. (2014). 

SALC models effectively separate heterogeneity in preferences from heterogeneity in 

error variance. They do this by identifying latent classes of people who differ in their 

preferences, as well as latent scale classes – groups of people who differ by how 

systematic (or erratic) they are in their choices. This difference is described by a scale 

factor which identifies the amount by which the parameter estimates of one group must 

be rescaled to arrive at the preference parameters appropriate to another group 

(Magidson and Vermunt 2007).  

Scale heterogeneity causes similar issues in best-worst scaling (BWS), a discrete choice 

experiment which has been receiving increasing research attention (Flynn and Marley 

2014). There are three types of BWS, defined as case 1, 2 or 3 (Flynn 2010). A case 1 

BWS, also known as the ‘object case,’ contains a number of choice sets which require 

the respondent to choose the “best” and “worst” objects or alternatives from varying 

sets of three or more alternatives (Finn and Louviere 1992). Analysis of the choice data 

allows each alternative to be rank-ordered on a common scale and assessed on the basis 

of its relative importance (Marti 2012). In a case 2 BWS, or ‘profile case,’ respondents 

are asked to assess the attribute levels of a given profile. Case 3 BWS is the closest to a 

traditional discrete choice experiment; respondents select their most and least preferred 

profile or choice set in which levels of attributes are varied (Flynn 2010; Flynn and 

Marley 2014). Heterogeneity between best and worst choices has previously been 
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modelled using the heteroscedastic SALC model, which allows variation in both the 

error variance of different scale classes and between best and worst choices (Rigby et al. 

2015).  

Models which identify and allow for heterogeneity in error variance, such as HCL or 

SALC models, address a critical problem in the analysis of discrete choice data – 

removing the confound between preference and scale heterogeneity. If error variance is 

heterogeneous across groups of respondents then models which do not account for this 

heterogeneity will distort utility estimates (Louviere et al. 2002). Scale heterogeneity 

models therefore offer significant advances in the analysis of discrete choice data. 

However, potential problems remain with the interpretation of results from these and 

other such models which need to be fully addressed for the field to advance. This 

problem is principally linked to the impact that scale (heterogeneity in error variance) 

has on the significance of preference parameters, and how that will change the 

interpretation of individuals’ preferences. Use of HCL or SALC models could lead the 

researcher to conclude that preferences between two or more groups of respondents are 

equivalent if the scale factor is allowed to vary between groups. However, interpretation 

of preferences may change depending on the scale of the group which is being reported. 

Once rescaled, the preferences of certain groups may vary substantially; this can lead to 

misleading conclusions being drawn regarding the significance of whole sample 

preferences. Depending on the impact of the scale factor, the researcher could 

mistakenly conclude that the preferences of one group are significant when they are not, 

or insignificant when they are. In this paper, we contribute to the limited literature on 

interpreting scale parameters to understand heterogeneity in error variance in discrete 
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choice experiments. Our findings have important implications for the reporting and 

interpretation of discrete choice experiments when error variance is not uniform over 

individuals’ choices, or across best and worst choices. 

In this paper we provide five empirical examples which illustrate how preference data 

and scale factors can be misinterpreted. All five are discrete choice experiments with 

two using BWS data. In the next section we provide the theoretical framework for the 

analysis of discrete choice experiments and the theory behind estimating HCL models. 

Then we describe the theory behind analysing BWS data with HCL models and 

heteroscedastic SALC models. In Section 4, we provide a brief description of the 

methods employed for the analysis of each empirical example before describing each 

example in detail along with the results from its analysis. Finally, we provide a 

discussion of the implications of our findings with particular reference to how scale 

heterogeneity models have been reported in the literature. We conclude with 

recommendations for best practice reporting of results from these models. 

9.3 Theoretical framework 

9.3.1 Discrete choice experiments 

Discrete choice experiments use Random Utility Theory to draw conclusions regarding 

people’s preferences (McFadden 1974). We define latent utility (U) as a function of the 

vector of attributes (X) and parameters (β) of an alternative m. This expression has a 

deterministic component 𝑉𝑖𝑚 and a stochastic element captured by the error term 𝜀𝑖𝑚, 

which varies across individuals (i) and alternatives (m). This error term captures all the 
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factors which affect utility and are not captured in the deterministic component, and is 

assumed to be independently and identically distributed (IID) (Train 2009). 

𝑈𝑖𝑚 =  𝑉𝑖𝑚 + 𝜀𝑖𝑚  (1) 

It is well known that there is an identification problem within choice models, such that 

the underlying preference parameters are conflated with the variance (𝜎2) of the error 

term (Hensher et al. 1999; Magidson and Vermunt 2007). What are estimated are 

‘scaled’ preference parameters, where, for the conditional logit model, the scale term λ 

is defined as 𝜆 =
𝜋

60.5𝜎𝜀
 (Louviere and Eagle 2006). We follow the convention of 

assuming that λ is normalised to unity in estimation, but strictly, one is identifying only 

the composite of scale and preference parameters (Hess and Rose 2012). If the error 

variance (and hence scale term) are not constant across individuals or choices then one 

runs the risk of confounding heterogeneity in preferences with heterogeneity in error 

variance (Louviere and Eagle 2006).  

If one expects differences in error variance across individuals one can model scale 

explicitly as a function of observable characteristics:  

𝜎
𝑖𝑚

∝ exp (−𝑤𝑖
′𝛾) = 𝜆𝑖  (2) 

Where 𝑒𝑥𝑝 (𝑤𝑖
′𝛾) is the scale factor (𝜆𝑖) which is inversely proportional to the standard 

deviation of the errors, and 𝑤𝑖′𝛾 is a vector of individual specific characteristics and 

associated parameters (Rigby et al. 2015).  

The probability that alternative m is selected from a set of R alternatives in the choice 

set is: 
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𝜛𝑖𝑚 =  
𝑒𝑥𝑝[𝜆𝑖𝑉𝑖𝑚]

∑ 𝑒𝑥𝑝[𝜆𝑖𝑉𝑖𝑟]𝑅
𝑟=1

             𝑟 = 1, 𝑚, … , 𝑅  (3) 

Equations (1)-(3) describe a model that can allow for differences in error variance over 

respondents. This model is a heteroscedastic conditional logit model and it assumes 

constancy in preferences across individuals (Hole 2006).  

9.3.2 Best-worst scaling 

Analysis of best and worst choices is similarly based on Random Utility Theory. 

Following Rigby et al. (2015) we define the latent utility (𝑦𝑖𝑠𝑚
∗ ), associated with each 

individual (i) and each alternative (m), as having a deterministic component βm, and a 

stochastic element captured by the error term 𝜀𝑖𝑠𝑚. Once again the error term is assumed 

to be IID. We include subscript s, which indicates whether the latent utility is derived in 

the context of a choice which is best or worst, where s = 1 if the choice is best, and s = –

1 if it is worst. 

𝑦𝑖𝑠𝑚
∗ =  𝛽𝑚 + 𝜀𝑖𝑠𝑚  (4) 

Heterogeneity is allowed for in the standard deviation of the error component based on 

observable characteristics, and best and worst choices.  

𝜎
𝑖𝑠𝑚

∝ exp (−𝑤𝑖𝑠
′ 𝛾) = 𝜆𝑖  (5) 

Where 𝑒𝑥𝑝 (𝑤𝑖𝑠
′ 𝛾) is the scale factor which is inversely proportional to the standard 

deviation of the errors, and 𝑤𝑖′𝛾 is a vector of individual specific characteristics 

(Vermunt 2013).  
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We assume sequential best worst ranking: respondents first select the best alternative 

and then select the worst alternative from the remaining M − 1 alternatives (Vermunt 

2013). Thus the probability that alternative m1 is selected as best (s = 1) from a set of R 

alternatives in the choice set is: 

𝜛𝑖𝑠𝑚1
=  

𝑒𝑥𝑝[𝜆𝑖𝛽𝑚1]

∑ 𝑒𝑥𝑝[𝜆𝑖𝛽𝑟]𝑅
𝑟=1

             𝑟 = 1, 𝑚1, … , 𝑅;  𝑠 = 1  (6) 

The probability that alternative m2 is selected as worst (s = –1) from the m – 1 

remaining alternatives, conditional upon the choice of best is: 

𝜛𝑖𝑠𝑚2|𝑚1
=  

𝑒𝑥𝑝[−𝜆𝑖𝛽𝑚2]

∑ 𝑒𝑥𝑝[−𝜆𝑖𝛽𝑟]𝑅
𝑟≠𝑚1

     𝑠 = −1  (7) 

In which the sign of the deterministic component is scaled by -1 as it is the least 

preferred (worst) preference being chosen. 

The probability of selecting m1 as the best and m2 as the worst is given by: 

𝜛𝑖,𝑚1,𝑚2
=  𝜛𝑖,𝑚1

𝜛𝑖,𝑚2|𝑚1
  (8) 

Equations (4)-(8) describe a HCL model that can allow for differences in error variance 

over respondents, and differences in error variance between best and worst choices. 

Once again this model assumes constancy in preferences; both across individuals and 

best and worst choices.  

This model can be extended to a heteroscedastic SALC model in which both latent scale 

classes and preference classes can be accommodated. Given C latent preference classes 
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(indexed over j) and D latent scale classes for error variance (indexed over l), the 

probability of selecting best and worst becomes: 

𝜛𝑖𝑠𝑚1|𝑐𝑑 =  
𝑒𝑥𝑝[𝜆𝑑𝛽𝑚1𝑐 ]

∑ 𝑒𝑥𝑝[𝜆𝑑𝛽𝑟𝑐]𝑅
𝑟=1

             𝑠 = 1  (9) 

And  

𝜛𝑖𝑠𝑚2|𝑚1𝑐𝑑 =  
𝑒𝑥𝑝[−𝜆𝑑𝛽𝑚−1𝑐]

∑ 𝑒𝑥𝑝[−𝜆𝑑𝛽𝑟𝑐]𝑅
𝑟≠𝑚1

             𝑠 = −1  (10) 

The probability of selecting m1 as the best and m2 as the worst is given by: 

∑ 𝑃𝑐𝑑𝜛𝑖,𝑚1,𝑚2|𝑐𝑑 =  ∑ 𝑃𝑐𝑑𝑐𝑑 𝜛𝑖,𝑚1|𝑐𝑑𝜛𝑖,𝑚2|𝑚1,𝑐𝑑𝑐𝑑   (11) 

Where Pcd is the probability that an individual is a member of preference class c and 

scale class d. Membership of scale and preference classes is modelled probabilistically 

as a function of individual specific characteristics using a multinomial logit functional 

form: 

𝑃𝑖𝑐 =
𝑒𝑥𝑝[𝑧𝑖

′𝜙𝑐]

∑ 𝑒𝑥𝑝[𝑧𝑖
′𝜙𝑗]𝐶

𝑗=1

  (12) 

𝑃𝑖𝑑 =
𝑒𝑥𝑝[𝑧𝑖

′𝜑𝑑]

∑ 𝑒𝑥𝑝[𝑧𝑖
′𝜑𝑙]𝐷

𝑙=1

  (13) 

Where zi is a vector of individual specific characteristics. 

9.4 Methods 

We present results from a number of empirical examples to illustrate the importance of 

communicating and accounting for the effect of heterogeneity in the scale factor when 
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interpreting discrete choice data. The examples for which we estimate conditional logit 

models involve four common steps:  

Step 1: Estimation of separate models for two samples of data.  

Step 2: Estimation of a restricted model, combining both samples, imposing common 

preference parameters and error variance, and testing if this restricted model is accepted 

compared to the models estimated in Step 1.  

Step 3: Estimation of a restricted model, combining both samples, imposing common 

preference parameters but allowing the error variance to differ (i.e. a heteroscedastic 

conditional logit model) and testing if this restricted model is accepted compared to the 

models estimated in Step 1.  

Step 4: Comparing the implications for interpretation of preferences if different groups 

are assumed to have a scale factor of 1 (the ‘baseline’ group) in Step 3.  

To illustrate the issue we first conduct a Monte Carlo simulation to show that one could 

erroneously conclude that two samples have similar preferences as long as they are 

allowed to differ by a scale factor (for brevity, details are reported in Appendix III.i 

(Appendix A). We generate 5000 replications of simulated data, where one sample is 

assumed to have a linear compensatory utility function and the other sample makes 

choices at random. For each replication we test a series of null hypotheses regarding the 

randomness of responses for each sample and whether both samples have the same 

preference parameters when scale is allowed to vary or not. The number of times that 

each null hypothesis would be rejected (p<0.05) across the 5000 replications is reported. 



Chapter 9. Paper 4 - Pitfalls in reporting scale heterogeneity models: that pesky scale term strikes again 

177 

 

These results confirm the basic argument: preferences can be misinterpreted if scale 

heterogeneity is not accounted for.  

The first empirical example uses data from a discrete choice experiment where the 

problem of a subsample with fully random preferences is present. Fully random 

behaviour may be rare in real applications, therefore the second empirical example uses 

a simulated data set where in one subsample only a subset of parameters are truly 

significant, but one may conclude that both subsamples have equivalent preferences.  

The third empirical example is from a real case 1 (Flynn 2010) BWS study where 

models of best and worst choices imply that respondents have the same preference 

parameters once one allows for scale heterogeneity. In this example we follow the same 

analysis outlined above, but instead of comparing two subsamples of different 

individuals, we compare best and worst choices for the same individuals. In the fourth 

empirical example we extend the analysis undertaken in example 3 by conducting a 

SALC analysis on the same data set to evaluate whether there are latent classes of 

respondents with different error variances. Preference parameters are rescaled and 

reported for both best and worst choice models and for all scale classes.  

The fifth empirical example explores the circumstances under which misinterpretation 

of preferences is likely to occur. This example identifies that it is the precision with 

which one estimates scale factors, and not the size of the scale factor, which has the 

greatest impact on the interpretation of preference.  

All conditional logit and heteroscedastic conditional logit models were analysed with 

Stata 13 (StataCorp 2013). SALC analyses were performed using Latent GOLD Choice 
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5.0 (Vermunt and Magidson 2005; Vermunt and Magidson 2014). Data sets and all 

model code are described in Appendix III.ii (Appendix B) and available online as 

supplementary data. 

9.5 Results: Empirical examples  

9.5.1 Empirical example 1: interpretation problems in a real data set 

Our first data set involves a discrete choice experiment which explores the preferences 

of a sample of 318 people regarding a marine biodiversity offset package with multiple 

attributes. This was a forced choice: the framing was that a project would take place. 

Respondents were asked to choose the offset package that they would prefer to see 

implemented to achieve no-net ecological loss. Full details of this survey are reported in 

Rogers et al. (2014). 

Respondents had three alternatives in each choice set (for an example choice set see 

Appendix C). Attributes were the location of the offset, which was either in Western 

Australia (the baseline), Queensland (AU), New Zealand or China; the species of bird 

being protected, which was either the Ruddy Turnstone (baseline) or Eastern Curlew; 

and the proportion of offset that was ‘direct’. For the purpose of the current analysis, 

individuals within the sample are split into two sub-samples A and B (n=250 and 68 

respectively). Note that this assignment to sub-samples was not part of the original data 

collection process and has been undertaken purely for the purpose of this exposition: 

individuals who appear to have made their choices at random have been identified ex-

post and the sample split accordingly. The question for the current analysis is whether 

one would classify the two samples as having the same preference structure. 
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Table 9.1 Conditional logistic and heteroscedastic conditional logistic regression results for a discrete choice 
experiment eliciting people’s preferences for a marine offset package. 

Attributesa Sample 
A  

Sample B 
 

Stacked A 
and B 

Heteroscedastic: 
Sample Ab 

Heteroscedastic: 
Sample Bc 

Queensland -2.51 *** 0.35 * -1.70 *** -2.51 *** -3.45E-05 

 New Zealand -0.90 *** -0.04 

 

-0.72 *** -0.90 *** -1.24E-05 

 China -1.65 *** 0.27 

 

-1.13 *** -1.65 *** -2.27E-05 

 E. Curlew -0.18 *** 0.05 

 

-0.13 *** -0.18 *** -2.41E-06 

 Percent of direct offset 0.04 

 

-0.33 

 

-0.08 

 

0.04 

 

5.78E-07 

 
           Scale factors 

          Sample A 

      

1 

 

72671.17 ** 

Sample B 

      

2.34E-08d 
 

1 

            Individuals 250 

 

68 

 

318 

 

318 

 

318 

 Observations 4452 

 

1182 

 

5634 

 

5634 

 

5634 

 Log likelihood -1305.79 

 

-428.68 

 

-1838.98 

 

-1738.65 

 

-1738.65 

 LR chi2 649.09 

 

8.34 

 

448.43 

 

200.67 

 

200.66 

 Prob > chi2 0.00   0.14   0.00   0.00   0.00   

*** P>|z| <0.01 
aLocation baseline is Western Australia, and the species’ baseline is to protect the Ruddy Turnstone. 
bNormalised to Sample A, values for Sample B can be calculated by multiplying preference parameters by 
2.34E-08. 
cNormalised to Sample B, values for Sample A can be calculated by multiplying preference parameters by 
72671.17.  
dIn this case the heteroscedastic conditional logit model can assign any sufficiently small (Sample A) or large 
(Sample B) scale factor to arrive at the alternative preference coefficients, hence there is very poor precision in 
the estimation of these scale factors.  

Table 9.1 reports the results for separate conditional logit models for Samples A and B, 

a stacked data set that ignores potential heterogeneity in scale, and two heteroscedastic 

conditional logit models that differ only in which subsample is used as the baseline 

(scale normalised to unity). Note that here, and in all subsequent results, we report the 

scale factor (λ, see Theoretical framework, Section 9.3.1) as opposed to the underlying 

parameter estimated by the software. 
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The results of a likelihood ratio test comparing the fit of stacked data for samples A and 

B, with individually estimated models of Samples A and B, roundly reject the null 

hypothesis that sample A and B can be restricted to have equal parameters 

(χdf=4 = 209.00; χ0.05, df=4 = 11.07; p-value < 0.001). The results of a second likelihood 

ratio test, which compared the fit of the stacked data for samples A and B while 

allowing the scale parameter to vary, show that we cannot reject the restriction that the 

preference parameters are equal (χdf=4 = 8.34; χ0.05, df=4 = 9.49; p-value = 0.08).  

It is true that the parameter estimates for sample B are consistent with scaled values of 

sample A, but only if the scaling is so extreme that the parameters become 

insignificantly different from zero. Although these data come from a real data set, it is 

unlikely that one would conclude that preferences were equivalent if undertaking this 

analysis: Sample B estimates are clearly not significant, and the scale factor is a very 

large negative value implying a dramatic rescaling (2.34E-08).  

9.5.2 Empirical example 2: Simulated dataset where the researcher could erroneously 

accept that samples had equivalent preferences 

Purely random responses like those seen in empirical example 1 may be rare. However, 

there may be data which contains subsamples who are clearly not random in behaviour, 

and have different preferences – but who might be misconstrued as having identical 

preferences due to the variance heterogeneity confound. In this example we use another 

simulated dataset to explore interpretation problems which can arise when comparing 

two samples with different utility functions and one has more systematic preferences. 

We created two samples: A and B, each with 5000 individuals. Both samples chose 
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between three alternatives, each described by four attributes: X1, X2, X3 and X4. Sample 

A was the more systematic group with the following latent utility function: 

𝑈𝐴 = 0.5𝑋1 − 0.5𝑋2 + 2𝑋3 − 2𝑋4 − 4.5𝜀  (14) 

Sample B was the less systematic group with the following latent utility function: 

𝑈𝐵 = 0𝑋1 + 0𝑋2 + 𝑋3 − 𝑋4 − 8𝜀  (15) 

Estimation of conditional logit models for each sample individually and for stacked data 

for both samples are shown in Table 9.2. The results for a heteroscedastic conditional 

logit model where stacked data for Samples A and B were allowed to vary by a scale 

factor are also presented.  
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Table 9.2. Conditional logistic and heteroscedastic conditional logistic regression results for a simulated data 
set with two samples: A and B.  

Attributes Sample A 
 

Sample B 
 

Stacked  
A and B 

Heteroscedastic: 
Sample Aa 

Heteroscedastic: 
Sample Bb 

X1 0.12 ** 0.03 

 

0.08 * 0.12 ** 0.04 

 X2 -0.12 ** -0.04 

 

-0.08 * -0.12 ** -0.04 

 X3 0.43 *** 0.14 ** 0.28 *** 0.43 *** 0.14 *** 

X4 -0.41 *** -0.13 ** -0.27 *** -0.41 *** -0.13 *** 

           

Scale factors           

Sample A 

      

1 

 

3.16 *** 

Sample B 

      

0.32 *** 1 

            

Individuals 5000 

 

5000 

 

10000 

 

10000 

 

10000 

 Observations 15000 

 

15000 

 

30000 

 

30000 

 

30000 

 Log likelihood -5441.26 

 

-5487.79 

 

-10941.14 

 

-10929.05 

 

-10929.05 

 LR chi2 103.61 

 

10.54 

 

89.97 

 

24.17 

 

24.17 

 Prob > chi2 0.00   0.03   0.00   0.00   0.00   

*** P>|z| <0.01 
aNormalised to Sample A, values for Sample B can be calculated by multiplying preference parameters by 
0.32. 
bNormalised to Sample B, values for Sample A can be calculated by multiplying preference parameters by 
3.16. 

The results of a likelihood ratio test comparing the fit of stacked data for Samples A and 

B, with Samples A and B when estimated individually roundly reject the null hypothesis 

that sample A and B can be restricted to have equal parameters (χdf=4 = 24.19; 

χ0.05, df=4 = 9.48; p-value = 0.0001). The results of a second likelihood ratio test, which 

compared the fit of the stacked data for samples A and B while allowing the scale 

parameter to vary, show that we cannot reject the restriction that the preference 

parameters are equal (χdf=3 = 0.02; χ0.05, 3 = 7.81; p-value = 0.9995).  

What one interprets as significant depends on the normalisation of the scale factor. 

Where this is normalised to Sample A (Heteroscedastic: Sample A) the conclusion 
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would be that all preference parameters are significant, but that Sample B is less 

consistent in their choices (λ = 0.32). However, if preference parameters are rescaled to 

Sample B (Heteroscedastic: Sample B), then it becomes apparent that respondents in 

this sample (B) are not just less consistent in their choices, but actually place a zero 

value upon attributes X1 and X2. Correspondingly, this empirical example demonstrates 

not only that Sample A’s preferences are not equivalent to Sample B’s (despite the 

apparent ability to stack data sets and model them as if they were), but also that the 

interpretation of the data (statistical significance of preference parameters) will depend 

on whether the model is normalised (and reported) to Sample A or Sample B.  

9.5.3 Empirical example 3: A best-worst scaling data set where analysis would suggest 

that best and worst choices were the same 

This example uses data from a case 1 BWS survey completed by members of artisanal 

fisher organisations in the central marine region of Chile (Davis et al. 2015). The survey 

asked respondents what they thought was the most important reason not to monitor 

marine management areas. Management areas are geographically specific coastal 

marine areas where territorial user rights for fisheries (TURFs) have been assigned to 

artisanal fisher organisations by the Chilean government for extraction of benthic 

(bottom-dwelling) resources.  

The survey was completed by 52 respondents who were a mixture of management and 

non-management members of their fisher organisation. The survey was constructed 

using a balanced incomplete block design (Cochran and Cox 1950). There were seven 

alternative reasons not to enforce, four alternatives shown in each BWS question, and 
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each alternative was shown four times throughout the survey (an example BWS 

question is shown in Appendix C). 

Estimation of conditional logit models for best and worst choices and for stacked best 

and worst choice data are shown in Table 9.3. The results for a heteroscedastic 

conditional logit model where stacked data for best and worst choices were allowed to 

vary by a scale factor are also presented.  
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Table 9.3. Conditional logistic and heteroscedastic conditional logistic regression results for best and worst 
choice data from a survey investigating what artisanal fishers in Chile thought were the most and least 
important reasons not to monitor marine management areas. 

Reasons not 
to monitora 

Best 
choices   Worst 

choices   
Stacked best 

& worst 
choices 

Heteroscedastic: 
Best choicesb  

Heteroscedastic: 
Worst choicesc  

1 0.11 

 

0.12 

 

0.11 

 

0.13 

 

0.05 

 2 0.30 

 

0.26 

 

0.28 * 0.33 * 0.12 

 3 -0.15 

 

-0.10 

 

-0.14 

 

-0.17 

 

-0.06 

 4 -0.16 

 

0.06 

 

-0.04 

 

-0.11 

 

-0.04 

 5 0.69 *** -0.16 

 

0.43 *** 0.62 *** 0.23 *** 

7 -1.46 *** -0.66 *** -0.83 *** -1.56 *** -0.58 *** 

           Scale Factors           

Best choices 

      

1 
 

2.67 *** 

Worst choices 
      

0.37 *** 1 
 

  

          Observations 364 

 

273 

 

637 

 

637 
 

637 
 

Log likelihood -465.17 
 

-386.88 
 

-863.46 
 

-855.25 
 

-855.25 
 

LR chi2 78.88 
 

26.03 
 

82.09 
 

16.43 
 

16.43 
 

Prob > chi2 0.000   0.000   0.000   0.000   0.000   

*** P>|z| <0.01 
aReason 6 was the baseline. 
bNormalised to best choices, values for worst choices are calculated by rescaling parameter coefficients by a 
factor of 0.37. 
cNormalised to worst choices, values for best choice are calculated by rescaling parameter coefficients by 2.67. 

A likelihood ratio test on the stacked best and worst choice model rejected the null 

hypothesis that the coefficients of models of best and worst choices were the same 

(χdf=6 = 22.82; χ0.05, 6 = 12.59; p-value = 0.0009). This implies that marginal utilities 

differ between best and worst choices. 

The heteroscedastic conditional logit model of best and worst choices imposes that 

marginal utilities for both best and worst choices are the same, but allows the error 

variance between best and worst choices to be different. A likelihood ratio test for 
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restricting data did not reject the null hypothesis that the coefficients of models of best 

and worst choices were the same across both decisions (i.e. the model could predict 

both best and worst choices) (χdf= 5 = 6.39; χ0.05, 5 = 11.07; p-value = 0.27). 

The results from Table 9.3 would suggest that best and worst choices can be modelled 

together provided that an adjustment in scale is made for worst choices. Rescaling the 

preference parameters of best choices by a scale factor (0.37) returns preference 

parameters for worst choices (Heteroscedastic: Worst choices); these preference 

parameters are smaller than for best choices, but still significant. We could therefore 

conclude that preferences parameters for both best and worst choices are roughly 

equivalent, but that respondents were less consistent when making their worst choices. 

Although analysis in this example has tested for differences in error variance between 

best and worst choices, it has not explored whether groups of respondents were more or 

less consistent in their choices overall.  

9.5.4 Empirical example 4: Preference parameters rescaled to best and worst choices 

and different scale classes may require different interpretations 

We also analysed the data set from example 3 using Latent GOLD Choice 5.0 (Vermunt 

and Magidson 2005; Vermunt and Magidson 2014) to assess whether latent scale 

classes were present in the data4 – groups of respondents who were or more less similar 

in their error variance. This analysis allowed us to simultaneously model two sources of 

heterogeneity in error variance: between best and worst choices (which was 

deterministic) and generic choice consistency (which was modelled as membership of a 

latent scale class). 

                                                 
4We also tested for differences in preference classes, but these not could be robustly identified. 
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Results suggested that there were two latent scale classes present (based on CAIC). We 

correspondingly report four different representations of results for the same model 

(Table 9.4). All models are statistically identical (as indicated by the LL values); the 

only difference is the normalisation of the error variance for best or worst choices and 

for different latent scale classes. Scale class 1 account for 25 per cent of the sample, and 

have a larger scale/smaller variance, i.e. are more consistent in their choices. 

In Model 4a (Table 9.4), the choice and scale class normalised to have a scale factor of 

1 are the “best” choices and latent scale class 1. We note a strong aversion to alternative 

7, while alternatives 5 and 4 seem to be ranked more highly than 6 (the baseline). 

Alternatives 2, 3 and 1 are ranked similarly to 6 (not significantly different from zero).  

Model 4b (Table 9.4) is exactly the same statistical model, but normalised so the scale 

factor of 1 relates to scale class 1 and the “worst” choices. All values in Model 4b can 

be retrieved from Model 4a by rescaling by a factor of 0.065. As one would expect, this 

scale factor strongly influences the significance of preference parameters; in Model 4a 

we know that the error variance is much higher for the “worst” answers, and hence the 

rescaled parameters (Model 4b) are closer to and may not be significantly different to 

zero. Consequently, in Model 4b the utility function that underlies the “worst” answer 

responses looks much more like a random process, apart from the strong aversion to 

alternative 7 which is still significant in the “worst” choices as it was in the “best”. 

Model 4c (Table 9.4) is still normalised so that worst choices have a scale of 1, but now 

shifts the scale class normalisation from scale class 1 to scale class 2, who represent 75 

per cent of the sample. For this category none of the parameters are significantly 

different from zero, implying that choices are random.  



Chapter 9. Paper 4 - Pitfalls in reporting scale heterogeneity models: that pesky scale term strikes again 

188 

 

Model 4d (Table 9.4) is the final analysis in the set: scale is normalised to equal 1 for 

the “best” choices, and for scale class 2. Here we see no discrimination between 

alternatives 1-6, i.e. respondents are assumed to be indifferent between these 

alternatives. Once again alternative 7 is significantly not preferred. 
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Table 9.4. Heteroscedastic scale adjusted latent class model of case 1 best and worst choice data from a survey 
investigating what artisanal fishers in Chile thought was the most and least important reason not to monitor 
marine management areas. 

Reasons not to 
monitora 4a 

 
4b 

 
4c 

 
4d 

 
5 1.296 *** 0.084 

 
0.001 

 
0.022 

 
4 0.986 ** 0.064 

 
0.001 

 
0.017 

 
2 0.607 

 
0.039 

 
0.001 

 
0.011 

 
3 -0.046 

 
-0.003 

 
0.000 

 
-0.001 

 
1 -0.262 

 
-0.017 

 
0.000 

 
-0.005 

 
7 -73.035 ***b -4.712 *** -0.082 

 
-1.265 *** 

         Scale factors                 

Best, Scale class 1  1 

 

15.501 *** 895.068 *** 57.743 *** 

Worst, Scale class 1 0.065 *** 1 

 

57.743 *** 3.725 *** 

Worst, Scale class 2 0.001 *** 0.017 *** 1 
 

0.065 *** 

Best, Scale class 2 0.017 *** 0.268 *** 15.501 *** 1 
 

      
 
  

Class Membership                 

Scale class 1 (25%) 0.000 
 

0.000 
 

-1.054 *** -1.054 *** 

Scale class 2 (75%) 1.054 *** 1.054 *** 0.00 
 

0.000 
 

         Observations 637  637  637  637  

Log likelihood -855.250   -855.250   -855.250   -855.250   

LR chi2 16.430 
 

16.430 
 

16.430 
 

16.430 
 

Prob > chi2 0.0001 
 

0.0001 
 

0.0001 
 

0.0001 
 

*** P>|z| <0.01 

aReason 6 was the baseline. 
bNot well identified by Latent GOLD choice 5.0 (Vermunt and Magidson 2005; Vermunt and Magidson 2014) 
– any sufficiently large negative coefficient will ensure that the predicted probability approximates zero; there 
is consequently very poor precision in the estimation of this coefficient. 

Model 4a (parameter estimates normalised to best choices and for scale class 1) 

presented a relatively positive picture: the model seemed to be detecting differences in 

preference ranking, as implied by the significant differences in marginal utility 

parameters for different reasons not to monitor, and there were some interesting effects 

manifesting themselves in terms of error variances. However, a closer inspection of the 
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data suggested that alternative interpretations were hidden within this result: for 75 per 

cent of the sample (scale class 2) there was no useful information revealed in their worst 

choices, and only an aversion to alternative 7 was significant in their best choices. For 

the remaining 25 per cent only an aversion to alternative 7 was significant in their worst 

choices and any further differentiation in marginal utility parameters was limited to best 

choices. The implications of these results are that only a small proportion (25%) of the 

population was making systematic choices between different reasons not to enforce. 

However, unless preference parameters were rescaled and reported for both best and 

worst choices and for all latent scale classes, this conclusion may have been overlooked.  

9.5.5 Empirical example 5: Under what circumstances may this be an issue?  

In the previous examples we have shown that there is a potential issue with the 

reporting of models that involve heterogeneity in scale: the rescaling implied by the 

scale parameter may not always be inconsequential in the interpretation of the 

behavioural implications of the model for some segments of the population. A relevant 

question is: when is this likely to be an issue? The variable of concern is the degree of 

precision of the estimated scale parameter. Note from equation 3 that the scale 

parameter λ enters the probability model multiplicatively with the preference 

parameters. Conventionally, one scale class has the scale parameter fixed at 1 for 

identification, and again, by convention, the preference parameters are reported for that 

class. The preference parameters for the other class(es) can be retrieved by multiplying 

by the estimated scale parameter(s). Given that estimates of both preference and scale 

parameters are random variables, the distribution of the scaled preference parameters 

will be given by the distribution of the product of two random distributions. Given the 
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requirement that the scale parameter is positive, estimation usually specifies equation 

(2), so that the distribution of the scaled preference parameter will be the product of a 

normal and log-normal distribution.  

There is no analytical solution to the moments of this distribution, but some general 

observations can be made. If the scale parameter is identified with absolute certainty, 

then the significance of the preference parameters for all scale classes will be identical: 

the application of the scaling will alter both the mean and standard error of the 

parameters equally, leaving the z-statistic unchanged. Thus even if the magnitude of 

those coefficients is changed, the behavioural interpretation of which attributes are 

significant will not be. If one applies the convention that the class with the most 

consistent preferences has a scale normalised to 1 (so all other estimated scale values 

are less than 1), as the standard error of the scale parameter increases (i.e. the precision 

of the estimate of the scale parameter falls) the precision of the scaled preferences also 

falls.  

The implications of these observations are demonstrated below in Table 9.5 and Table 

9.6, which report results for two (simulated) data sets with a single preference class, but 

two latent scale classes (code given in the Supplementary Materials). For data set 1 

(Table 9.5) the scale parameter is relatively precisely estimated (z-statistic = -4.07) and 

there is little change in the implied significance of the parameters between Models 1 and 

2 despite the rescaling effect. This is not the case for data set 2 (Table 9.6) which has a 

similar scale parameter (-1.56 in Model 2 compared to -1.52 in Model 1), but which is 

less precisely estimated (z-statistic = -3.32). The impact of this uncertainty in the 

estimation of the scale parameter is seen in the difference between the significance of 
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Model 3 and Model 4 preference parameters (Table 9.6). This example highlights where 

issues of interpretation may arise: when the scale parameter is relatively imprecisely 

identified. Table 9.6 emphasises our main conclusion: reporting of Model 3 might lead 

one to conclude “all attributes are significant, and scale class 2 exhibits higher scale 

heterogeneity” when a more accurate evaluation would be “for members of scale class 

1, all attributes are significant, while for scale class 2 the scale heterogeneity is 

sufficiently large to make choices indistinguishable from random behaviour”.  

The impact of uncertainty in the scale parameter estimate on the significance of a scaled 

preference parameter estimate is shown in Figure 9.1. We assume that we have an 

estimated preference parameter (β) for the scale class with scale normalised to 1, which 

is normally distributed with a mean of 1 and SE of 0.33 (implying a Z statistic of 3.33). 

We further assume that the scale factor has been estimated as a log normal function i.e. 

λ=exp(z), where z is normally distributed, giving an implied mean μ and standard 

deviation σ of the scale factor. The expected value of the scaled preference parameter is 

given by Sβ= β×λ, i.e. the product of a normal and log normal distribution. We evaluate 

the distribution of Sβ by a simulation of 1000 draws from the two distributions, and 

evaluating the mean and SE of the resulting distribution, and its implied z value, for all 

combinations of 10 values for μ and σ, giving us 100 data points showing the 

relationship between the mean and z-statistic for the scale factor, and the implied 

z-statistic for the scaled preference coefficient. This is replicated in a Monte Carlo 

simulation 1000 times for each data point, and the mean values are reported in Figure 

9.1. When the z-statistic of the scale factor is large, then the estimated z-statistic for the 

scaled preference parameter asymptotes to a value of 3.33, as expected. As the precision 
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of the scale factor falls, the z-statistic of the scaled preference parameter also falls, 

confirming the results seen in Table 9.5 and Table 9.6. Changing the mean of the scale 

factor has no effect on the relationship. 

Table 9.5. Results for (simulated) data set 1: one preference class, but two latent scale classes. 

 

Model 1 

 

 Model 2 

 Attributes Coeff. z-statistic  Coeff. z-statistic 

X1 -0.66 -5.17  -0.15 -2.12 

X2 0.60 4.48  0.13 2.03 

X3 -1.98 -7.98  -0.43 -2.21 

X4 -1.82 -7.56  -0.40 -2.19 

   

 

  Scale parameters 

  

 

  Scale class 1 0   1.52 4.07 

Scale class 2 -1.52 -4.07  0  

      

Log likelihood -4092.49   -4092.49  

Table 9.6. Results for (simulated) data set 2: one preference class, but two latent scale classes. 

 Model 3   Model 4  

Attributes Coeff. z-statistic  Coeff. z-statistic 

X1 -0.65 -5.17  -0.14 -1.76 

X2 0.56 4.39  0.12 1.70 

X3 -1.88 -7.73  -0.40 -1.80 

X4 -1.73 -7.33  -0.37 -1.79 

   

 

 

 

Scale parameters 

 

 

  

 

Scale class 1 0 

 

 1.56 3.32 

Scale class 2 -1.56 -3.32  0  

      

Log likelihood -4098.49   -4098.49  
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Figure 9.1. The relationship between the size of the scale factor, standard error of the scale factor, and the z-
statistic of an estimated parameter. The symbol ♦ indicates scaled parameter z-statistics <1.96. 

9.6 Discussion 

We have demonstrated that preference parameters from discrete choice data can be 

misinterpreted if due care is not taken when communicating the impact of scale factors. 

The importance of the scale parameter has been previously identified (Louviere and 

Eagle 2006), but its potential to affect the interpretation of discrete choice data has not 

been empirically demonstrated before. We show that interpretation can be a concern 

when using models which allow for scale heterogeneity, such as HCL or SALC models. 

These models allow preferences of two or more groups to be combined into a single 

model providing the preference parameters of different groups are allowed to vary by a 

scale factor. However, the interpretation of preference parameters for this combined 

model (or their statistical significance) may change depending on which group is 

Scaled param
eter z-statistic

Scale mean

Scale z-statistic

3.20 

0.69 

0.01 

10.12 

0.61 
0.75 

S
caled param

eter z-statistic 
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selected as the baseline. The impact of this change is likely to depend on how precisely 

scale and preference parameters are estimated (e.g. z-statistic). We illustrated the 

potential for preference data to be misinterpreted in five empirical examples which were 

analysed with HCL and heteroscedastic SALC models. These examples illustrate how it 

is possible to draw misleading conclusions regarding respondent’s preferences if the 

estimated parameters and their significance are not explicitly considered for all scale 

classes.  

These results have implications for the interpretation of a number of analyses which 

have now been undertaken using SALC models – both in a standard discrete choice 

context, for example Mueller Loose et al. (2013), and when using BWS, for example 

Rigby et al. (2015). Closer examination of how these, and other publications, report and 

interpret scale factors reinforces our conclusions regarding the potential for 

misinterpretation and the need for best practice reporting of models when the error 

variance of different groups is allowed to vary.  

Of the 15 papers that we reviewed that use SALC models5, most report scale factors and 

scale class membership. However, none extend their discussion of the potential impacts 

of heterogeneity in error variance across latent scale classes beyond noting that one 

latent scale class is more or less “consistent” in their choices than the other (see, for 

example Mueller et al. 2010). This omission of the impacts of scale heterogeneity is 

also observed in a BWS context. For example, Rigby et al. (2015) conduct a 

heteroscedastic SALC analysis of BWS choice data regarding researchers’ journal 

                                                 
5Bartczak and Meyerhoff (2013), Burke et al. (2010), Campbell et al. (2011), Flynn et al. (2013), Flynn et 
al. (2010), Glenk et al. (2012), Islam (2014), Louviere et al. (2013), Mueller Loose et al. (2013), Mueller 
et al. (2010), Rigby et al. (2015), Sagebiel and Rommel (2014), Schlereth et al. (2012), Tapsuwan et al. 
(2014), and Thiene et al. (2012). 
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preferences. They mention that respondents were less consistent when identifying worst 

choices compared to best choices, but do not rescale preference parameters for worst 

choices to ensure that their interpretation of preferences was robust to rescaling.  

It is important to note that heterogeneity in error variance across different samples, 

choices, and/or latent scale classes will not cause interpretation problems in all analyses. 

For some analyses6 it is unlikely that the authors’ interpretation of results would change 

if they rescaled preference parameters for the alternate latent scale class. This is likely 

to be the case where the scale and preference parameters are precisely estimated (higher 

z-statistics). However, where scale and preference parameters are less significant (lower 

z-statistics) interpretation is more likely to be sensitive to rescaling. Preference 

parameters which are significant for one scale class may become insignificant once 

rescaled for the alternate scale class. Despite this potential for interpretation to change, 

none of the 15 SALC papers that we reviewed speculate on how their results – or 

conclusions drawn from those results – might change if they rescaled preference 

parameters for alternate latent scale classes or “worst” choices. Some of these papers do 

not report scale factors or parameters despite using a SALC model (e.g. Islam 2014) – 

for these papers the reader cannot interpret the significance of preference parameters or 

whether the authors’ conclusions would be robust to rescaling.  

We have shown potential problems that can arise when interpreting the significance of 

preference parameters without accounting for scale. If care is not taken to report and 

interpret the impact of scale factors, erroneous conclusions may be drawn regarding 

                                                 
6Re-estimation and rescaling of preference parameters to alternate groups caused only marginal changes 
to interpretation of results presented in Rigby et al. (2015), Tapsuwan et al. (2014), and Bartczak and 
Meyerhoff (2013). The z-statistics for scale factors in these analyses were -11.65, 3.83, and 4.35 
respectively. 
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individuals’ preferences for different alternatives. This potential for misinterpretation 

will not exist in equal measure for all analyses, but cannot be ascertained a priori. Thus 

future studies should explicitly state scale factors for all samples, choice contexts, 

and/or latent scale classes; and report rescaled preference parameters for the same. 

Otherwise, it is not clear to either authors or readers whether preference data are being 

accurately interpreted or portrayed.  
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9.8 Appendix A  

A description of the Monte Carlo simulation is provided in Appendix III.i (Appendix 

A). 

9.9 Appendix B and other supplementary data 

All data sets and model code are described in Appendix III.ii (Appendix B), and 

provided in the online supplementary data. 

9.10 Appendix C 

This section provides the choice sets used in empirical examples 1 and 3.  
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9.10.1 C.1 

Choice set used for the discrete choice experiment in empirical example 2 regarding 

preferences for a marine biodiversity offset package (Figure 9.2). The survey framing 

was that a project would take place, and respondents were asked only for their 

preferences regarding the attributes of the offset package to achieve no-net-loss 

ecologically. An example of the choice question is given below. 

 

Figure 9.2. Example of the offsets discrete choice question from empirical example 2. 

9.10.2 C.2 

Best-worst scaling (BWS) question used for the discrete choice experiment in empirical 

example 4 (Figure 9.3). The survey asked respondents what they thought was the most 

and least important reason not to monitor marine management areas, and was completed 

by members of artisanal fisher organisations in the central marine region of Chile 

(Davis et al. 2015). Management areas are geographically specific coastal marine areas 
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where territorial user rights for fisheries (TURFs) have been assigned to artisanal fisher 

organisations by the Chilean government for extraction of benthic (bottom-dwelling) 

resources. 

What 
MOST 
affects 
your 

decision 

The decision not to monitor 

a management area 

What 
LEAST 
affects 
your 

decision 

✔ 5. We feel too uncomfortable monitoring 
or denouncing poachers 

 

 6. Government punishments for poachers 
are not effective 

 

 7. Monitoring represents a high personal risk 
for guards 

 

 8. The management area is too far 
from the caleta 

✔ 

Figure 9.3. Example of Best-worst choice set from Empirical example 4. Respondents were asked what they 
thought was the most and least important reasons not to monitor marine management areas. 
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10.1 Introduction 

The quality of marine environments worldwide has been in decline due to over-

exploitation of fish stocks and/or other anthropogenic activities which pollute or 

otherwise degrade marine areas. Spatial management addresses these problems by 

restricting how marine resources can be used in different zones, for example by 

restricting fishing in marine protected areas (MPAs). Restrictions can provide benefits 

but also generate costs. These benefits and costs need to be understood to improve 

spatial management decisions and optimise outcomes for society and the environment.  

The objective of this thesis was to increase understanding of the economic benefits and 

costs of spatial marine management and demonstrate how this knowledge could 

improve spatial marine management decisions. This objective was achieved through 

three research questions. During the analysis undertaken for research question 3, a 

further research question arose (research question 4) and became a substantial 

component of the thesis – despite not dealing directly with spatial marine management. 

The key research findings and policy implications specific to each of the four research 

questions are presented below, followed by an overview of the research contribution 

and significance of the thesis as a whole. The Discussion concludes with an overview of 

the limitations of the current research and suggestions for future research. 
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10.2 Research findings 

10.2.1 Research question 1 

What are the challenges in estimating the economic benefits and costs of marine 

protected areas? 

Key research findings 

The theme of this paper (Chapter 3) was identification of the key challenges in 

estimating the economic benefits and costs of MPAs. One of the key challenges to 

estimating the economic benefits of MPAs is that insufficient is known about the 

ecological processes which occur within MPA areas. Ecological processes in MPA 

areas result in biological benefits such as increases in species’ size and abundance – 

changes which can lead to market and non-market benefits. However, the linkages 

between biological and market and non-market benefits are poorly understood and most 

existing analyses of the market benefits of MPAs are quite simplified. Quantifying the 

changes in market benefits which are directly attributable to MPAs, and understanding 

how economic activity in non-marine industries will influence the market benefits of 

MPAs, remain significant challenges. The complexity of the marine environment also 

complicates the estimation of non-market benefits because it is difficult to describe 

environmental changes which occur due to MPAs with precision. If we cannot quantify 

the ecological changes produced by MPAs, we cannot estimate the non-market values 

associated with such changes. Lack of knowledge of ecological changes caused by 

MPAs is therefore a significant challenge to the non-market valuation of MPA benefits.  

The costs of MPAs are often easier to estimate than their benefits, but there are more 

types of costs that are relevant to an economic analysis than are often recognised, 
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potentially including establishment, maintenance and compliance costs. MPAs around 

the world will be non-uniform in size and occur in different socio-political and 

environmental contexts. For this reason, MPA maintenance and establishment costs will 

differ between MPAs (Gravestock et al. 2008; McCrea-Strub et al. 2011). Analyses 

have also suggested that establishment costs will be significantly affected by the 

duration of the establishment phase, and that maintenance costs will be strongly 

influenced by visitor numbers; MPAs in developed countries have higher visitor 

numbers than those in developing countries, and can spend up to 20 per cent of their 

income on visitor and education related activities (Gravestock et al. 2008). Finally, 

transaction costs which are associated with information collection, administration and 

reporting to government are likely to be a significant component of the compliance 

costs of MPAs, but estimating these requires detailed information which is often 

unavailable from the responsible organisations. 

Policy implications 

Increasing our understanding of ecological processes specific to MPAs, and of the links 

between biological benefits and market and non-market benefits, will help us estimate 

the economic benefits of MPAs. Similarly, increasing our understanding of the factors 

which influence MPA establishment, maintenance and compliance costs will allow 

subsequent MPAs to be established in areas where these costs are lower. This will allow 

the conservation benefits of MPAs to be maximised relative to their costs. Given the 

scarcity of funding for conservation, cost-effectiveness (ensuring that MPAs achieve 

their maximum ecological potential at lowest cost) is a high research priority. 

Improving our knowledge of the economic costs and benefits of MPAs may also help 
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improve spatial marine management decisions by understanding how and when MPAs 

provide net benefits to society. This knowledge can also improve understanding of how 

these benefits and costs are distributed across society. It may be important to understand 

which sectors of society stand to gain or lose the most from MPA establishment and to 

calculate appropriate compensation for these groups.  

10.2.2 Research question 2 

How does the spatially optimal allocation of marine zones change when monitoring and 

enforcement costs are taken into account, and do the benefits of enforcement outweigh 

the costs? 

Research findings 

In the second paper (Chapter 5), I identify and incorporate enforcement costs into a 

spatial optimisation model. Incorporating enforcement costs into marine spatial 

planning enables a spatial allocation of marine zones that meets ecological objectives, 

and helps maximise revenue for fishers by minimizing the costs of enforcement. 

Enforcement costs are a key component of maintenance costs, and are incurred to 

enforce marine areas. The benefits of enforcement include higher species’ abundance, 

richness, and biomass (Gelcich et al. 2012). Enforcement also generates market benefits 

to fishers from higher revenue due to increased catch once equilibrium abundance levels 

are established. The main result from this analysis is that there are positive net benefits 

to fishers’ revenue from enforcement in the case study area in central Chile, and that 

scenarios with enforced management zones could achieve higher abundance targets. 

Thus, enforcing marine areas is an optimal spatial management strategy to maximise 

fisher revenue. We also examined the costs and benefits of the existing zoning in the 
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study area. Existing zoning was identified to be suboptimal – fisher revenue could be 

increased by increasing the number of enforced territorial user rights for fisheries 

(TURF) areas. 

Limited ecological data led to simplifications in the model. We did not include habitat 

heterogeneity and conducted a static rather than dynamic analysis. As the study area is 

mainly composed of kelp-forest-dominated habitat, it is unlikely that our conclusions 

would change if habitat heterogeneity was incorporated. However, including dynamic 

processes such as connectivity and spillover from different zones may impact the 

study’s results. The study’s results, namely the allocation of area to different 

management zones, were shown to be sensitive to changes in species’ market price, and 

in species’ abundance – both of which would affect the profitability of catch.  

Policy implications 

Optimal marine spatial planning can help design marine zoning which will achieve 

better outcomes for stakeholders and for the environment. The incorporation of 

maintenance costs, particularly enforcement costs, into marine spatial planning allows 

identification of zoning solutions which achieve greater biological and market benefits 

overall, and hence may receive greater support from fishers and the broader community.  

Although we found that enforcement could lead to net benefits for fishers, in the study 

area roughly one third of TURF management areas are not enforced. Understanding 

fishers’ preferences for management, particularly what influences their decision to 

monitor TURF management areas (which is a key enforcement activity), was identified 

as another research need.  
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10.2.3 Research question 3 

Given the demonstrated benefits of enforcement, why are artisanal fishers in Chile 

choosing not to fully enforce their marine user rights? 

Research findings 

The main reason that fishers in the central marine region of Chile are choosing not to 

monitor is because they believe the government is not doing its part to assist in 

enforcement by apprehending and punishing poachers. If the Chilean government does 

not take steps to apprehend or punish poachers, then monitoring effort by fishers to 

prevent poaching will not be effective. There was considerable heterogeneity in fishers’ 

responses which could be explained primarily by membership of a caleta from the 

northern or southern part of the study area.  

Policy implications 

By improving our understanding of what motivates fishers to monitor or not monitor 

their TURF management areas, we can identify what needs to be changed to increase 

enforcement of marine areas. If fishers perceive that monitoring does not prevent 

poaching, then subsidies or capacity enhancing activities are unlikely to increase 

monitoring levels. Instead it will be more important to improve government 

accountability for the apprehension and penalisation of poachers. Results also 

demonstrated that fishers’ preferences are not homogenous across a relatively small 

study area. This implies that policy designed to increase monitoring may not be equally 

effective across regions. Finally, Chapter 7 identified the need for improved methods to 

analyse best-worst scaling (BWS) data and discrete choice (DCE) experiment data in 

general – our analysis showed that respondents were less consistent when making 
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“worst” choices than when they were making “best” choices. This heterogeneity in error 

variance between best and worst choices is likely to complicate the analysis of 

respondents’ preferences.  

10.2.4 Research question 4 

How does choice inconsistency (scale heterogeneity) affect interpretation of preferences 

in discrete choice experiments? 

Research findings 

Potential problems can arise when interpreting the significance of preference parameters 

using models which allow scale heterogeneity between groups of respondents or 

between best and worst choices in the case of a BWS survey. If care is not taken to 

report and interpret the impact of scale factors, erroneous conclusions may be drawn 

regarding individuals’ preferences for different alternatives. This implies that 

preferences identified using DCEs can be misinterpreted if the impact of the scale factor 

is not explicitly explored and reported. The analysis in the final paper (Chapter 9) 

demonstrates that there is potential to misinterpret preference parameters – and hence 

the wants, needs, or opinions of respondents – when using models which allow for scale 

heterogeneity. This is more likely to be a problem when preference and scale parameters 

are imprecisely estimated (small z-statistics). 

The results from Chapter 9 have implications for the analysis and interpretation of 

results from Chapter 7. Chapter 7 used a BWS survey to investigate the main reasons 

why fishers in a case study area in Chile choose not to monitor their TURF management 

areas. Scale heterogeneity has not typically been considered when analysing BWS data, 

see for example Jones et al. (2013) and Cross et al. (2012). However, the results from 
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Chapter 9 suggest that scale heterogeneity may affect the interpretation of fishers’ 

preferences for marine management.  

Analysis of the BWS dataset initially presented in Chapter 7 is extended in Chapter 9 in 

empirical examples 3 and 4. These two examples showed that respondents considered 

that the distance of a management area from a caleta was not a strong factor influencing 

their decision not to monitor. This result was consistent with the findings in Chapter 7. 

Results from empirical example 4 further showed that respondents could be divided into 

two latent scale classes. Respondents in scale class 1 (25% of respondents) considered 

that the most important reason not to monitor TURF management areas was that the 

Chilean government does not perform its enforcement obligations. Respondents in scale 

class 2 (75% of respondents) were indifferent amongst reasons not to monitor. 

Consequently, accounting for scale heterogeneity did not change the optimum policy 

response identified in Chapter 7: that to increase monitoring by fishers, government 

agencies may need to respond – and respond more quickly – to apprehend poachers 

when they are detected, and also toughen their penalisation of poachers. Investigating 

scale heterogeneity allowed identification of which groups of respondents held 

significant preferences for reasons not to monitor and which did not.  

Although incorporating scale heterogeneity into the analysis of the BWS data initially 

presented in Chapter 7 did not change the recommended policy response, this may not 

always be the case. Consequently, future analyses which investigate fishers’ preferences 

for spatial management should test for scale heterogeneity and report preferences for all 

scale classes. Where analyses use BWS, it may also be important to test for difference 

in error variance between best and worst choices. 
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Policy implications 

The implication of these results for spatial marine management is that it may not be 

possible to fully identify the preferences of stakeholders for different management 

alternatives without accounting for the impact of scale heterogeneity. Stakeholders may 

have heterogeneous error variance (scale heterogeneity), and not just heterogeneous 

preferences. This scale heterogeneity may be specific to different groups of respondents, 

or to best or worst choices in the case of best-worst scaling. Heterogeneity in error 

variance is likely to increase in settings with lower education levels and smaller sample 

sizes (Flynn et al. 2010; Louviere and Eagle 2006). In study settings where these 

conditions may occur it is likely to be more important to control for scale heterogeneity 

during analysis and interpretation of preferences.  

10.3 Contribution and significance of the thesis 

Government and non-government agencies are increasingly using spatial marine 

restrictions, such as MPAs or TURFs, to address the over-exploitation of marine 

resources. In this thesis I explored the economic benefits and costs of spatial marine 

management: how these can be assessed, how this information can be incorporated into 

marine spatial planning analyses, and why marine stakeholders may choose not to 

engage in marine management independent of the net benefits or net costs of this 

engagement. The work undertaken in this thesis contributes to the design and 

implementation of equitable and cost-effective spatial marine management, and 

increases its chance of being supported by stakeholders. 



Chapter 10. Discussion 

215 

 

Because resources for conservation are limited, MPAs need to be established where 

they provide the greatest benefits and incur the lowest costs. In this thesis, I explored 

how the benefits and costs of MPAs have been measured to date, and the challenges 

which prevent more comprehensive assessment of these benefits and costs. I found that 

there has been greater research focus on quantifying the ecological benefits of MPAs – 

very few analyses have quantified the market and non-market benefits of MPAs. To 

overcome this lack, more research is needed to establish the causal links between 

ecological processes and economic outcomes, and to improve understanding of marine 

stakeholders’ non-market values for MPAs. Better understanding of these economic 

benefits and costs will assist with spatial marine decision making.  

Among the most common tools to facilitate marine spatial decision making are spatial 

optimisation models. However, there has been limited work examining spatially 

heterogeneous management costs in the marine realm; spatial planning exercises have 

too often focused on the biological aspects of spatial planning and ignored the economic 

costs of management. I contribute to the field by demonstrating a novel approach to 

incorporate spatially heterogeneous management costs associated with enforcement into 

a spatial optimisation model (Davis et al. 2015a). This approach involved (1) exploring 

what management costs are associated with the enforcement of marine areas in the 

central marine region of Chile, (2) evaluating how these enforcement costs affected 

optimal marine zoning, and (3) estimating whether enforcement of marine management 

could provide net gains for fisher revenue. The results from this analysis are among the 

first to demonstrate that enforcement of marine areas can provide net economic benefits. 

Incorporating what we know of the economic benefits and costs of marine management 
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into existing spatial planning tools, like spatial optimisation models, can improve spatial 

marine management decisions by siting management zones where their benefits are 

higher and costs are lower. This can lead to higher revenues for marine stakeholders, 

and better outcomes for the marine environment.  

However, increasing our understanding of economically ‘optimal’ spatial marine 

management is not sufficient in itself. The preferences of individual stakeholders for 

how spatial management is implemented, and hence their participation in that 

management, will depend on a range of factors which may be independent of economic 

benefits and costs. For example, there is a need to understand what influences marine 

stakeholders’ engagement in enforcement, as enforcement of marine management is 

deficient around the world; despite the potential for enforcement to provide ecological 

and economic benefits. This deficiency has serious implications for marine biodiversity, 

as non-enforced marine areas exhibit lower species’ abundance, size and richness 

(Guidetti et al. 2008). It is therefore important to understand why resource users, 

particularly those with user rights, may choose not to participate in the enforcement of 

marine management. To address this research need I conducted a BWS survey in the 

central marine region of Chile to determine the main reason why artisanal fishers may 

not enforce their TURF management rights. This was the first BWS survey to be 

conducted in a marine environmental economics context. 

BWS was found to be a useful research technique to estimate the preferences of 

artisanal fishers in Chile, who can have low education levels and may struggle with 

survey designs which impose a higher cognitive burden. Survey results show that 

fishers in Chile’s central marine region may not participate in enforcement if they feel 
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the government does not adequately support their user rights and fulfil its own 

enforcement responsibilities by penalising and catching poachers (Davis et al. 2015b). 

This is a key contribution of the thesis: that the realisation of ecological and economic 

benefits from optimal spatial management may be prevented by institutional 

deficiencies. To increase enforcement of marine management by resource users, 

government agencies may need to invest greater resources into their own enforcement 

activities including apprehending and penalising poachers. Increasing fishers’ 

participation in enforcement may encourage more sustainable use of marine resources 

while improving the livelihoods of artisanal fishers and other industries reliant on these 

resources. 

Finally, I demonstrate a serious problem that can arise when interpreting BWS data, 

namely that the interpretation of individuals’ preferences can be sensitive to scale 

heterogeneity. This was demonstrated by analysing a range of discrete choice data sets, 

taken from the literature and also drawn from simulations. From this analysis, I 

concluded that existing methods for interpreting discrete choice models can permit 

incorrect interpretations of individual’s preferences. I further identified best practice for 

reporting and interpreting discrete choice data: preference values from discrete choice 

experiments must be appropriately rescaled and reported to account for scale 

heterogeneity for survey population’s preferences to be accurately understood. This 

finding has implications for researchers’ ability to assess individuals’ preferences 

through discrete choice experiments. Understanding individuals’ preferences for spatial 

management, particularly the preferences of marine stakeholders like fishers, is likely to 
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be equally important for the success of spatial marine management as improving our 

understanding of the management’s economic benefits and costs. 

10.4 Future research directions 

The insights from this thesis suggest a number of future research needs to further 

improve spatial marine management. First, there is a general need to increase our 

understanding of the non-market benefits that MPAs generate for communities. If we 

know more about the factors which affect non-market values, or the environmental 

attributes which are most highly valued by communities, then we can zone marine areas 

to maximise these values. Optimal zoning strategies which incorporate non-market 

marine values could be identified through spatial optimization models. These models 

can identify marine spatial zoning which achieves management objectives while 

incorporating a broader range of social needs; including non-market use and non-use 

values such as recreation or existence values. This would ensure that non-market 

benefits were represented in spatial marine decision making.  

Secondly, although some work has been done to investigate establishment, maintenance 

and compliance costs for marine zones (for example, Balmford et al. 2004; Gravestock 

et al. 2008; McCrea-Strub et al. 2011) – greater research effort is needed to improve our 

understanding of these costs, particularly how they vary across countries and for 

different MPA attributes, such as MPA size or objective. This understanding would help 

government and non-government organisations plan the location and optimal size of 

MPAs to maximise benefits relative to establishment, maintenance and compliance 

costs. The failure of many MPAs to achieve their management objectives has been 

linked to a lack of enforcement (Edgar et al. 2014) – better understanding of 
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enforcement costs could avoid this problem by designing or siting MPAs where they 

will cost less to enforce.  

Chapter 5 identified a number of research priorities to improve the spatial optimisation 

model presented in that chapter. One of these research priorities was to incorporate 

habitat heterogeneity into the model. Habitat throughout the Chilean study area is 

largely homogenous (kelp-forest-dominated), but this is unlikely to be the case in other 

locations. Heterogeneity in habitat type could cause heterogeneity in resource 

productivity and hence would be important to consider in future applications of the 

model. Improving habitat maps in Chile and other regions is consequently an important 

area for future research. A further research priority is to improve the predictive power of 

the spatial optimisation model by incorporating ecological processes such as 

connectivity and spillover. Although our understanding of connectivity is improving 

(see, for example Berglund et al. 2012; Kininmonth et al. 2011), how connectivity 

might be usefully incorporated into marine spatial planning remains a fruitful area for 

future research. It may also be important to understand how connectivity and spillover 

processes are likely to be affected by climate change. Finally, incorporating fishing 

costs into the model, including labour and capital costs, would allow net profits to be 

calculated; as opposed to net revenue. This would facilitate comparison of the 

productivity of the artisanal fishing sector with other economic activity. If labour and 

capital costs were combined with a dynamic analysis of species’ market price – then the 

impact of changing market conditions, e.g. economic growth in the fisheries sector 

relative to other sectors or vice versa, could begin to be evaluated. Improving our 
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understanding of fishing costs and how species’ market price changes over time are 

consequently important research priorities. 

A final research need which was identified by this thesis was to improve our 

understanding of how individuals make ‘best’ and ‘worst’ choices and why these 

choices may differ. BWS is increasingly used as a survey technique to improve 

understanding of individuals’ preferences for environmental management. However, 

this thesis and also Rigby et al. (2015) have identified that individuals are not consistent 

when making best and worst choices. For individuals’ preferences to be accurately 

investigated and interpreted it will be important to understand why these choices may be 

heterogeneous, and what influences this heterogeneity. 
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For online publication of the final thesis, the published journal version has been 

removed from the appendix for copyright reasons. The published journal version is 

available via the link above. 
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I.ii Market price and species’ abundance data  

Table I.ii.i. Market price (US$/individual) (Caleta El Quisco 2013) and species abundance predicted to occur in 
each zone (individuals/m2) 

 
*Territorial user rights for fisheries  

References 

Caleta El Quisco. 2013. Registry Book. Sindicato de trabajadores independientes 

Narciso Aguirre, El Quisco. 

  

Open 
access TURF* Enforced-

TURF No-take Enforced-
no-take

Key-hole limpet 0.50 0.024 0.176 0.296 0.447 0.497
Loco 1.50 0.014 0.074 0.537 0.365 0.405
Cheilodactylus variegates 8.00 0.014 0.041 0.038 0.260 0.288
Graus nigra 20.00 0.001 0.007 0.008 0.027 0.030
Pinguipes chilensis 8.00 0.020 0.055 0.044 0.114 0.127

Name Market price per 
individual (US$)

Abundance (number/m2)
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I.iii Objective function formulae 

The model was developed using linear programming; this ensured a single optimal 

solution (if it existed). The objective functions for model scenarios a and b specify that 

the abundance constraint (see main text) must be met while maximising total catch (1). 

The objective function for scenarios c and d is similar to (1), but incurs the enforcement 

cost as a penalty (2). The decision variables for scenario a are CO,i, CT,i, and CN,i. The 

decision variables for scenarios b, c, and d, are the same as a but also include the option 

to select enforced zones: CET,i and CEN,i.  

𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑡𝑐ℎ =  ∑ ∑ ∑ (𝐴𝑠,𝑧,𝑖 ×  𝐾 × 𝐿𝑧 × 𝑀𝑠 × 𝐶𝑧,𝑖)𝑧𝑖𝑠   (1) 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 =  ∑ ∑ (𝐸𝑧,𝑖  × 𝐶𝑧,𝑖 )𝑧𝑖   (2) 

Where: 

s species 

i  marine cells in the study area, i = 1,…,96 

z zones, z = open access (O), TURF (T), enforced-TURF (ET), no-take (N),  

 enforced-no-take (EN) 

A  abundance 

K stock multiplier, K<1 

L catch level, L<1 

M market price 

C  zone decision variable, 0 ≤ 𝐶 ≤ 1  

E enforcement cost  
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I.iv Details of scenario D 

 

Figure I.iv.i. The base case management status for scenario D. Locations of caletas are indicated. Cells 
coinciding with existing managed cells (territorial user rights for fishers [TURF], enforced-TURF, enforced-
no-take, as indicated) are assigned to that management type. The size of existing managed areas is over-stated 
due to the size (30ha) of the planning cells used in the analysis. Note that two existing TURF areas (dashed 
outlines) were excluded from the analysis as they were missing data (top) or the management status (bottom) 
was uncertain. 

 

Algarrobo

El Quisco

Las Cruces

Management zones

Open access
TURF
Enforced-TURF
No-take
Enforced no-take

Appendix S3. The base case management status for scenario D. Locations of caletas are indicated. 
Cells coinciding with existing managed cells (territorial user rights for fishers [TURF], enforced-TURF, 
enforced-no-take, as indicated) are assigned to that management type. The size of existing managed areas is 
over-stated due to the size (30ha) of the planning cells used in the analysis. Note that two 
existing TURF areas (dashed outlines) were excluded from the analysis as they were missing data (top) 
or the management status (bottom) was uncertain.
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I.v Results of sensitivity analysis of market price 

Table I.v.i Sensitivity analysis of the market price (US$ per individual) of Loco. 

 

aPrices of all other species were held constant throughout  

bTerritorial user rights for fisheries 

cFisher revenue is equal to the product of catch and market price minus the costs of enforcement, where 
enforcement costs are both public (government) and private (fisher associations) 

  

Market price Locoa US$ Abundance 
target (Aprop)

Open 
access

%

TURFb

%
Enforced-

TURF
%

No-take
%

Enforced-
no-take 

%

0.00 0 0 100 0 0
0.10 0 0 100 0 0
0.20 0 0 91 9 0
0.30 0 0 80 20 0
0.40 0 0 68 32 0
0.50 0 0 57 43 0
0.00 100 0 0 0 0
0.10 81 0 14 5 0
0.20 65 0 21 15 0
0.30 48 0 27 25 0
0.40 30 0 36 34 0
0.50 11 0 45 44 0

Market price (US$) 0.75 1.50 3.00 4.50
0.00 2,538 2,972 4,377 5,781
0.10 2,389 2,972 4,377 5,781
0.20 2,123 2,717 3,997 5,277
0.30 1,857 2,386 3,506 4,626
0.40 1,590 2,052 3,012 3,972
0.50 1,321 1,716 2,516 3,315

Fisher revenuec US$ ('000)

0.75

1.50, 3.00, & 4.50
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I.vi Sensitivity analyses of catch level variable. 

Scenario c was used to test the sensitivity of the model to changes in the catch level 

parameter. We determine the robustness of the optimal solution to changes in this 

parameter. Catch levels (L) represent the proportion of a given species’ population that 

can be caught. The catch level for the TURF and enforced-TURF zones was varied 

between 0.1 and 0.4. The TURF zones were used for this analysis as no catch is allowed 

in the no-take zones and there is no restriction on catch in the open access zone; catch 

levels for these zones was held constant. In each case abundance levels were left 

unchanged; this sensitivity analysis explores uncertainty about the level of take that 

would be possible with the assumed abundance level. 

The results showed that decreasing the catch level for the TURF zones decreased area 

allocated to the enforced-TURF and no-take zones, and increased area allocated to the 

open access and enforced-no-take zones. Abundance in open access areas is lower than 

in both TURF zones, but there is no catch restriction. This means that when L (T, ET) is 

0.1, catch in the open access zone is higher than in the TURF or enforced-TURF zones. 

At this catch level (0.1), it was optimal to allocate the majority of the study area to the 

open access (65%) and enforced no-take zones (28%) (Figure I.vi.i). When L (T, ET) 

was greater than or equal to 0.2, the proportion of abundance available as catch in both 

TURF zones increased. This changed the optimal zoning allocation to the enforced-

TURF and no-take zones; area allocated to these zones increased by 73 per cent and 20 

per cent respectively (Aprop 0.30). Revenue also increased as catch levels increased 

(Aprop 0.30); between $1 728 000 (L 0.1) and $4 851 000 (L 0.4).  
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Figure I.vi.i. Area allocation and revenue for sensitivity analysis of the catch level at abundance target (Aprop) 
0.30.  
aCatch levels for the open access, no-take, and enforced-no-take zones were held constant for all scenarios (1.0, 
0.0 and 0.0 respectively) 
bTerritorial user rights for fisheries  
cFisher revenue is equal to the product of catch and market price minus the costs of enforcement, where 
enforcement costs are both public (government) and private (fisher associations) 

References 
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II.i Published journal version 

Davis, K.J., M.E. Kragt, S. Gelcich, M. Burton, S. Schilizzi, and D.J. Pannell. 2015. 

"Why are Fishers not Enforcing Their Marine User Rights?" Environmental and 

Resource Economics 1-21. 

http://dx.doi.org/10.1007/s10640-015-9992-z 

For online publication of the final thesis, the published journal version has been 

removed from the appendix for copyright reasons. The published journal version is 

available via the link above. 

  

http://dx.doi.org/10.1007/s10640-015-9992-z


Appendix II. Supplementary material for Chapter 7 

233 

 

II.ii Appendix 

Table II.ii.i. Mean values for socio-economic interaction terms used in estimation of the conditional logit model 
reported in Table 7.5. 

 

Socio economic characteristic/attitude (1=yes, 
0=no) Group 1a Group 2 a Group 3 a 

Respondent has been with current organisation <10 
years  0.19 0.05 0.20 

President 0.19 0.14 0.20 

Poaching within TURF management area by 
members of the organisation 0.65 0.19 0.20 

Enforcement doesn't increase population of main 
resources 0.19 0.15 0.20 

Organisation has managed TURF management area 
for <10 years 0.12 0.00 1.00 
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III.i Appendix A: Pitfalls in reporting scale heterogeneity models: That pesky scale 

term strikes again 

Monte Carlo simulation: Two statistically different samples which differ by a scale 

factor can appear to have similar preferences 

In what follows we provide an example to illustrate the basic issue: misleading 

conclusions can be drawn from models which allow the preferences of two or more 

groups to differ by a scale factor. This example is based on a simulated dataset of two 

samples, each with 100 individuals: Sample A and Sample B. Both samples complete 

eight simulated choices over two alternatives and three attributes. Utility is given by: 

𝑈𝐴 = 2𝑋1 + 𝑋2 + 2𝑋3 − 𝜀 

𝑈𝐵 = 0𝑋1 + 0𝑋2 + 0𝑋3 − 𝜀 

Sample A has a regular compensatory utility function, while sample B did not attend to 

any attribute and makes fully random choices. Model code is provided in Appendix A 

of the Supplementary Data. 

Our hypothesis is that the Swait and Louviere (1993) heterogeneity test can lead one to 

conclude that two subsamples have the same preference structure, up to a scale 

adjustment, when in fact one sample behaves randomly.  

Tests are reported for the number of times across the 5000 replications that the 

following null hypotheses were rejected: Sample A or B made choices at random; 

Samples A and B had the same preference parameters ignoring scale; and Samples A 

and B had the same preferences once one allowed for differences in scale (Table III.i.i). 
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Table III.i.i. Proportion of times across the 5000 replications that the null hypothesis was rejected (p<0.05). 

Test Null hypothesis 
Percentage of 
times reject 

null hypothesis 
Decision 

A) Sample A makes choices at random 100.0% Reject null 

B) Sample B makes choices at random 5.1% Cannot reject 
null 

C) Samples A and B have the same preference parameters, 
ignoring scale effect 

99.9% Reject null 

D) Samples A and B have the same preference parameters, 
adjusting for potential differences in scale 

7.9% Cannot reject 
null 

 

From the results (Table III.i.i) the following conclusions can be drawn: Sample A 

makes choices systematically (A), Sample B makes choices randomly (B), and the 

preference parameters for both samples are not the same if one simply stacks data and 

ignores possible differences in scale (C). However, if one were to draw conclusions 

based on the results from Test D then one could systemically infer that Samples A and 

B did in fact have the same preference parameters. Given the known data generation 

process it is of concern that one can estimate a model where a null hypothesis that the 

two samples are the same will only be rejected 7.9 per cent of the time.  

The conclusion that can be drawn from this example is that two samples with different 

preferences, in this case one with systematic preference parameters (Sample A) and one 

that makes choices at random (Sample B), could be inferred to be the same if analysed 

using a model which allows preference parameters to vary by a scale factor. 

Numerically these results confirm what one would expect to see given the set-up of the 

simulation.  
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III.ii Appendix B: Pitfalls in reporting scale heterogeneity models: That pesky 

scale term strikes again 

Data sets and all model code are available in the online Supplementary Data7, and are 

described here.  

Code.txt contains the syntax for Stata .do files and Latent Gold Choice syntax files to 

replicate results in the paper. Sections below identify the relevant sections and data files 

for each empirical example reported in the paper. 

Monte Carlo Simulation 

“Monte_carlo_simulation.do” 

Stata syntax within Code.txt 

Stata syntax to execute the simulation results for 

the Monte Carlo simulation. It requires a licenced 

version of Stata to execute. Note that full 

simulation can take up to 3 hours depending on 

computer processing speed. 

Empirical example 1 

 “EE_1.do” 

Stata syntax within Code.txt 

Stata syntax to run the analysis for empirical 

example 1 in Stata. Requires a licenced version of 

Stata to execute. The excel data file 

“EE_1_data.xlsx” must first be imported into Stata 

and saved as EE_1_data.dta for syntax to execute. 

                                                 
7Data has not been made available with the electronic or printed versions of this thesis, but can be 
requested from the author, Katrina Davis (katrina.davis@uwa.edu.au) 
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Excel Data file 

“EE_1_data.xlsx” 

Stata syntax to run empirical example 1. Can be 

used with an alternative statistical program to 

undertake the analysis for empirical example 1. 

Data descriptions are provided in sheet 

“EE_1_data_descriptions”. 

Empirical example 2 

 “EE_2.do” 

Stata syntax within Code.txt 

Stata syntax to execute the simulation results for 

empirical example 2. It requires a licenced version 

of Stata to execute. 

Empirical example 3 

 “EE_3.do” 

Stata syntax within Code.txt 

Stata syntax to run the analysis for empirical 

example 3 in Stata. Requires a licenced version of 

Stata to execute. The excel data file 

“EE_3_data.xlsx” must first be imported into Stata 

and saved as EE_3_data.dta for syntax to execute. 

Excel data file 

“EE_3_data.xlsx” 

Excel data file for empirical example 3. Can be 

used with an alternative statistical program to 

undertake the analysis for empirical example 3. 

Data descriptions are provided in sheet 
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“EE_3_data_descriptions”. 

Empirical example 4 

 “EE_4_LGsyntax” 

Latent Gold Choice Syntax 

script within Code.txt 

Latent Gold syntax to run the analysis for empirical 

example 4 in Latent Gold Choice 5.0. Requires a 

licenced version of Latent Gold Choice 5.0 and the 

Latent Gold Syntax extension to execute. The excel 

data file “EE_4_data.xlsx” must first be imported 

into Latent Gold for syntax to execute. 

Excel data file 

“EE_4_data.xlsx” 

Excel data file for empirical example 4. Must be 

imported into Latent Gold Choice 5.0 for empirical 

example 4 syntax to execute. 

 “EE_4se.do” 

Stata syntax within Code.txt 

Stata syntax to calculate the standard errors for the 

regression results calculated with Latent Gold, for 

marginal effects of covariates on probability of 

class membership. 

 

Empirical example 5 

“EE_5_Tables56_LGsyntax” 

Latent Gold Choice Syntax 

Latent Gold syntax to run the analysis for Table 9.5 

and Table 9.6 in empirical example 5 in Latent Gold 
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script within Code.txt Choice 5.0. Requires a licenced version of Latent 

Gold Choice 5.0 and the Latent Gold Syntax 

extension to execute. The excel data files 

“EE_5_Table_5_data.xlsx” and 

“EE_5_Table_6_data.xlsx” must first be imported 

into Latent Gold for syntax to execute. 

Excel data file 

“EE_5_Table_5_data.xlsx” 

Excel data file for Table 9.5, empirical example 5. 

Must be imported into Latent Gold Choice 5.0 for 

Latent Gold syntax to execute. 

Excel data file 

“EE_5_Table_6_data.xlsx” 

Excel data file for Table 9.6, empirical example 5. 

Must be imported into Latent Gold Choice 5.0 for 

Latent Gold syntax to execute. 

 “EE_5_figure.do” 

Stata syntax within Code.txt 

This contains the Stata syntax to produce Figure 9.1 

for empirical example 5. It requires a licenced 

version of Stata to execute. 

 




